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GENERAL INTRODUCTION 
After crossing, the objective of breeding many self-polllnated 
crops Is to produce homozygous lines. With traditional breeding 
systems, the whole process may take several years depending on the 
level of homozygosity to be reached. The use of pollen or microspore 
derived plants, either haplold or dlhaplold, may shorten the whole 
process to two years. It has been said that the set of chromosomes or 
genome is the most effective unit of selection (1). 
In self-polllnated species, haploids, if doubled, are useful in 
obtaining homozygous pure lines for release. In cross-pollinated 
species, doubled haploids are more likely to be used as parents in the 
production of single or double cross hybrids (8). 
Haplold plants derived from pollen, add a new dimension to plant 
breeding because of the abundance of pollen produced by the plants and 
the general potential for producing them in the plant kingdom (32). 
Haploids are also Important as experimental material for genetic, 
cytological, and biochemical studies (26, 36). Induced mutations are 
readily visible in haplold Individuals (30) and, since haplold cells 
are unencumbered with dominance and the subsequent segregation of 
characters, they are useful material for genetic engineering purposes 
(26). Haploids may be of considerable value in the studies of quan­
titative genetics; such studies might include the detection of gene 
interaction, the estimation of genetic variances, the detection of 
linkage, the estimation of the number of genes affecting a quantitative 
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character, and the location of polygenes (8). Because mutant genes are 
more easily seen in haploids, they could also be useful in solving how 
genetic regulation occurs in higher plants (26). 
The process by which an Immature gametophyte is diverted from its 
normal developmental pathway and induced to assume a sporophytic path­
way provides a means of investigating the alternation of generations 
and of differential gene expression and regulation during these two 
phases of the life cycle (8, 17). 
Generally speaking, there are two routes of plant production from 
cell cultures: somatic embryogenesis or shoot organogenesis. For any 
particular culture, the choice of the route is made on an empirical 
operational basis (18). In the case of haploid plant production, 
embryos and plants of microspore origin are usually attained through 
cultures of anthers, not isolated microspores (41). This is also true 
for the tomato (12, 21). Plant regeneration from pollen grains of 
cultured anthers is accomplished through two distinct pathways; in 
one, a small proportion of pollen grains in the cultured anther divide 
repeatedly and go through embryogenic stages leading to production of 
embryoids and plantlets. Also the pollen grain may form an undifferen­
tiated callus and by manipulation of the medium composition, the callus 
may be induced to regenerate plants by organogenesis or by 
embryogenesis (33, 38). 
Generally, callus are produced from the pollen of anthers excised 
at stages, which follow meiosis but preceding the first pollen mitosis 
(7, 17, 25, 29). The goal of haploid/dlhaploid callus production is 
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to inhibit typical gametophytic differentiation and allow cell division 
and regeneration to occur In a portion of the microspores (7, 8). By 
adjusting the cultural conditions, only pollen mother cells are induced 
to divide. After liberation from the exine, the resulting multicell­
ular pollen grains continue development inside the pollen sac. 
Callus is usually derived by the division of a number of pollen 
grains which grow as a single confluent unit and appear outside of the 
anther as a compact tissue (33). The proof that calluses originate 
from microspores rather than from somatic tissue within the anther is 
the occurrence of calluses still enclosed by the exine and intine (2). 
In Hvoscvamus niger. calluses consisted of undifferentiated, 
lightly stained masses of loose parenchymatous cells enclosing one or 
more deeply stained nodular groups of cells. The single nodular callus 
was formed by division of the generative cells of pollen grains accom­
panied by proliferation of the marginal cells to form a parenchymatous 
envelope while additional nodules arose either by meristematic 
activity in the parenchyma or by the formation of buds on the nodule 
itself (33). In the tomato, callus follows a characteristic growth 
pattern. It initially exhibited growth through the establishment of a 
peripheral meristem composed of small, compactly arranged cells rich in 
cytoplasm. Later on, the rate of division of the surface layers slowed 
and was supplemented by localized divisions deep in the tissue. As 
growth continued, tracheids and vessel elements were formed (14). 
Different factors affect the outcome of the anther culture 
techniques to produce haploid plants. 
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Stage of pollen development: This Is the most crucial aspect of 
anther culture (9). Anthers respond to culture treatment within a 
limited period of their total development (29). The exact stage of 
pollen development that is most readily diverted to a sporophytlc 
pathway seems to vary with each species (9, 26, 32). Generally, this 
stage lies between tetrad stage and a stage just past the first pollen 
mitosis (8, 38). With this in mind, floral parts need to be excised 
before, during, or Just after the first nuclear division of the 
microspore to determine the best developmental stage. In tomato, the 
exact stage varies from melosis (12), tetrad stage (42), or micro­
spores at an early uninucleate stage of development (14). Not all 
microspores In culture follow morphogenic pathways. They can be 
either androgenic or nonandrogenlc (38). Androgenic pollen grains are 
part of the pollen dimorphism found earlier in pollen analysis (38, 
39). The first embryonal divisions in the pollen grains of many plants 
usually originate from a vegetative cell or A route (17, 38, 39). 
Apart from this standard pathway, there exists quite a number of 
alternative routes both within a species and differing from species to 
species. One of these routes is the so-called B-pathway (38), where 
the first pollen mitosis is irregular and results in the formation of 
two equal-sized vegetative-type nuclei (17). 
In tomato, two distinct types of pollen grains, androgenic and 
nonandrogenlc, have been observed which confirms the findings by 
different researchers in Nlcotlana (38, 39). Androgenic pollen grains 
follow the so-called "B" pathway in which, as already explained, the 
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mitotic division is symmetric and the two equal cells contribute 
equally toward callus formation. The nonandrogenic pathway is unable 
to continue mitotic division and becomes a pollen grain (14). 
Culture medium: Culture media are considered of prime importance 
in culture protocols (8). They are composed of different constituents 
of which mineral salts are most important. Although very few studies 
have been done to determine the effect of varying the mineral salt 
concentration on anther culture productivity (8). Media are usually 
based on Nitsch and Nitsch (21, 30, 31), N6 (31), Gamborg B5 (12, 13), 
and Murashige and Skoog (8, 22, 42) formulations. Continued embryo and 
callus survival is stimulated by the addition of a dilute mineral salt 
base as well as iron (8, 27). Nearly every worker uses different 
combinations of mineral salts. In general, high concentrations of 
mineral salts have Induced larger numbers of embryogenlc anthers. 
Nitrogen, potassium, and calcium play important roles in embryogenesls 
(35, 41). 
Hormones and growth factors: Plant species exhibit a wide range 
of hormone and growth factor requirements. Most of the Solanaceae 
members do not require auxin, in contrast, members of the Graminae and 
Cruciferae do (8, 9). Within the hormone Independent group, exogenous 
hormones usually fail to stimulate pollen callus formation but readily 
induce callus formation of the somatic tissue (38). Any positive 
Influence of auxin or cytokinln may be attributable to its action on 
callus development, which must often precede embryo initiation (41). 
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Typically, an auxin rich medium Is used first to obtain large 
quantities of callus which is then transferred to another medium 
lacking auxin to enhance embryo development (42). 
Effect of organic and nitrogen supplements: In anther culture, 
the use of sucrose has been shown to be absolutely necessary for most 
species (31, 34). Besides its use as an energy source for anther 
development, sucrose or other sugars may be used to regulate the 
osmotic pressure (8, 38). With this in mind, species may be divided 
into groups that require low sugar concentrations and those whose 
anthers produce better results on higher concentrations (8). 
Compounds such as glutamlne, serine, and other undefined media 
such as Edamin have been used with success (8, 31). The promotive 
action of casein hydrolysate has been attributed to its content of 
aspartlc and glutamic acids (41). Amino acids can be useful but 
antagonisms among them should be recognized in order to balance them 
in the medium (41). 
Vitamins: In general, vitamin mixtures used for anther culture 
are based on Murashlge and Skoog (MS) formulation (8, 38). There Is 
no evidence that these compounds are actually necessary for microspore, 
callus, or embryo induction and growth (8, 41). However, certain B-
vitamins (Bi, Be) can increase the number of asexual embryos produced 
per culture (28). 
Genotype : The genotype of the donor plant has been observed to 
profoundly affect the production of callus roots and plantlets derived 
from anthers on a particular medium (16). As the number of anther 
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culture studies have Increased, it has become obvious that the response 
of anthers in culture is determined to a larger extent by the donor 
plant genotype. The best evidence has been obtained in the cereals (9, 
11), where big differences exist between cultlvars. Androgenic pollen 
grains vary even between anthers of the same plant (39). Both 
genotyplc and environmental factors have been found to affect the 
frequency of androgenic pollen grains in tobacco (17), brassicas (40), 
tomato (22, 25, 42), and wheat (23). The fact that in some species 
there is no response could be due either to lack of detailed knowledge 
about nutritional requirements of pollen or some restrictions posed by 
the plant genotype itself (26). 
On the other hand, the two basic components of yield, the 
percentage of anthers producing microspore derivatives and the number 
of régénérants produced per anther, appear to be determined indepen­
dently. It has not been possible to relate in vitro performance to any 
known genetic locus (39). 
Physiological Status of the Donor Plants: Anther response is 
subject to seasonal variation through the modification of endogenous 
hormone levels (38). This influence is mainly due to the hormone con­
tent of the anther wall. Environmental effects also affect the levels 
of inhibitory substances found in the anther wall (17). In the case of 
Hordeum vulgare. donor plants grown outdoors during spring and summer 
exhibited a higher frequency of anther callus production than plants 
grown under greenhouse conditions during autumn and winter (10). In 
Brassica sp., donor plant genotypes and the environments in which they 
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were grown Interacted in a complex manner to influence relationships 
between bud size at excision and callus formation (40). 
Pretreatment of the anthers; Of the effects listed, the most 
striking responses are observed when anthers are pretreated with cold 
temperature. Cold pretreatments may possibly affect the assembly of 
microtobules (25), the polarity of the first pollen mitosis (31, 38), 
or pollen viability (6). Maintenance of the excised buds (or anthers) 
under cold conditions may preserve pollen viability long enough to 
insure a higher induction frequency (8, 17, 19, 39). The optimum 
temperature and pretreatment duration varies with each species and the 
stage of pollen development. Normally, older stages require shorter 
pretreatments (8, 31, 38). 
Many other factors exert significant influence on the Induction 
of embryos or callus from anthers. Among them are agar, liquid medium, 
method of sterilization, culture container, plating density, and 
incubation conditions, such as light and temperature (7, 8, 18, 20, 22, 
25, 26, 31). 
In the tomato, the achievement of haploid/dihaploid plant 
production by anther or pollen culture has been frustrated by an 
extremely low efficiency of plantlet formation and the lack of repeat­
ability between laboratories (22). This is somewhat surprising since 
the best examples of haploid plant production via anther culture are 
found in the Solanaceae family. In a review presented by Dunwell in 
1986, 218 plant species which have produced haploid or dihaploid plants 
are listed; of these, 77 species belong to the Solanaceae family (9). 
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In tomato, haploid or dihaploid shoot production normally occurs 
as a result of organogenesis from an Initial proliferation of callus 
and not via embryogenesls (12, 22). This may be due to the fact that 
callus production from unlnucleated pollen grains Is a simpler 
development sequence than that required for embryold formation. If 
this Is true. It Is hardly surprising that the anther-callus route has 
proven successful, while plantlet production from embryoids has not 
( 1 2 ) .  
Natural haplolds have been obtained in tomato. In 1921, 
G. Morrison obtained a haploid plant from a lot of Marglobe seed. It 
probably arose from the parthenogenetlc development of a reduced egg 
(3). Later on, more haplolds were found, presumably due to the same 
cause (24). 
Most of the research conducted on tomato anther culture has 
centered on either optimizing medium composition or influencing pollen 
cell responsiveness by various pretreatments. 
Initial studies involving tomato haploid production focused on 
use of nurse culture with Isolated pollen grains (37). Haploid clones 
were developed but no plants were obtained. In 1972, Gresshoff and Doy 
(12) obtained haploid plants which possess an abnormal appearance and 
no flowers. Only 3 out of 43 cultlvars (7%) produced haploid calluses. 
In this study, the authors modified the medium of Gamborg and Evelelgh, 
Callus induction was most successful when the plated pollen mother 
cells were still in early melosis (metaphase I). They concluded that 
the interaction between different media and plant species is important 
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in directing future development. In 1973, Debergh and Nitsch (5) 
treated microspores at the first mitosis with cold temperatures. 
Although cotyledonary stage embryos were obtained, no further 
development took place. 
In 1980, Zamir et al. (42) investigated the effect of male 
sterility upon the production of haploid callus and plants. Using MS 
medium, they found that a sterile mutant which arrested 
microsporogenesis at the tetrad stage induced callus at high frequency. 
Diploid shoots which originated from the anther wall (43) were obtained 
from these calluses. 
In 1981, Gulshan and Sharma (14) were able to induce callus 
proliferation using Gresshoff and Doy modified medium (DBMi) and 
anthers containing microspores in the early uninucleate stage. No 
regeneration was possible. In 1982, Ziv et al. (44) using the system 
described by Zamir et al. and an anther derived from genetic marker 
stock, regenerated dihaplold callus. In this study, no correlation 
was observed between the frequency of callus initiation and plantlet 
regeneration (45). 
In 1983, Krueger-Lebus et al. (21) tried using isolated 
microspores to produce haploid plants. Their work produced heart-
shaped embryos which did not develop further. Kut et al. (22) 
suggested that the efficiency of anther culture derived haploid plant 
production depends on at least five variables: 
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1. Growth conditions of the donor plant. 
2. The stage of development of the pollen cells at the time of 
the anther removal. 
3. Cell culture conditions. 
4. Variation in genotypic potential for haploid callus induction. 
5. Variation in genotype potential for haploid-dihaploid shoot 
regeneration from cultured callus. 
It is obvious that a protocol for tomato anther culture is not yet 
well defined and that it is still possible to improve existing proto­
cols for callus production and regeneration. There are still many 
unanswered questions that need to be addressed in order to optimize the 
response of tomato anthers and to explain why the production differ­
ences and a lack of repeatability among researchers exists. Because 
the tomato is an important vegetable crop worldwide, any effort to 
solve problems impeding haploid plant production from anthers is 
justified. 
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TOMATO ANTHER CALLUS PRODUCTION: THE EFFECT OF MEDIA ON 
THE INDUCTION OF CALLUS^ 
J. Jaramlllo and W. L. Summers® 
^Contribution from the Department of Horticulture, Iowa State 
University. 
"Graduate student and associate professor, respectively, Depart­
ment of Horticulture, Iowa State University, Ames, Iowa 50011. 
In a series of experiments, anthers from tomato cultivars were 
evaluated on five different media for their ability to Induce callus. 
In the first experiment, there were significant differences among the 
media but not among the varieties. DBMi medium induced the highest 
number of calluses when anthers were plated after tetrad stage. When 
the two best media, DBMx (8) and MS revised medium (17), were compared 
using two cultivars of tomato with high and low callusing ability, the 
best response was for DBMi plus NAA + kinetin as growth regulators (9). 
The two cultivars L-680A and Ailsa Craig were able to produce low 
numbers of small calluses when cultured in media without growth 
regulators. Significant interaction for cultivar x growth regulator 
was found. Secondly, 2,4-D induced embryogenic calluses when the 
anthers were cultivated past the tetrad stage. In a third experiment, 
when three varieties were plated in early prophase of meiosis using the 
original 5 media, DBMi + kinetin + NAA again gave the best results in 
terms of number and size of calluses as compared to the rest of the 
media. MS revised medium showed less number of calluses but similar in 
size (diameter) to those obtained with DBMi. Overall results were 
higher using anthers at the beginning of prophase of meiosis than at 
any other stage. 
Besides inducing high numbers of calluses, DBMi medium promoted 
growth from the sporogenous tissue accompanied by wilting down of the 
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anther wall. The positive effect of DBMi on callus Induction was 
noticeable at any stage of anther development from early melosis to 
microspore after first melosis. 
Genotypic effects were found for number and size of calluses. 
L-680A presented the highest number and size of callus. No regenera­
tion of calluses was possible, but MSR looks promising from the point 
of view of fast growth and healthy appearance of the calluses. 
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INTRODUCTION 
Defined media for plant cell growth consists of mineral salts, a 
carbon source, vitamins, and growth regulators (5, 6, 24, 25). Gener­
ally, the effects of the mineral (5) and vitamin (23) action are not 
well understood (5). Although, the basic composition of a nutrient 
medium can markedly affect cell cultures (6). Since variations in 
each of these four components can significantly impact anther callus 
development, it seems prudent to test whether tomato cultivar media or 
interaction between them significantly affects anther callus produc­
tion (15). 
Nutrient requirements for anther and pollen culture vary widely 
from species to species. Some such as Nicotiana. Datura, and Solanum 
require very simple media (5, 18). Other species included in the 
callus-forming group (23) require a complete nutrient medium and 
growth regulator combination (15). Growth regulators are required for 
active DNA synthesis, mitosis, and cell division to proceed contin­
uously (22). 
Most of the research conducted on tomato anther culture has 
centered on either optimizing media composition or influencing cell 
responsiveness using pretreatments. In an evaluation of nutrient 
media, it was reported that successful anther culture of the genus 
Lvcopersicon depends on three factors, one of which is the nutrient 
media hormonal content (25). 
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For anther and microspore culture, the medium of Murashlge and 
Skoog (MS) is widely used (4). This media has been utilized in tomato 
with relatively good success. Other media have also been used with 
good results. Variations of Gamborg and Eveleigh medium such as DBMi 
medium induced haploid calluses and plantlets (8, 9). Similar results 
were obtained with a modification of Blaydes medium, DBMg (9). In 
each case, induction frequency was higher when anthers were plated at 
an early stage of meiosis. 
When several media were compared, the amounts and combinations of 
hormones appeared more important than the mineral components (5). In 
another experiment, it was reported that the DBMg medium was superior 
to MS for callus induction from anthers plated at early uninucleate 
stage although no regeneration of plants occurred (10). In studies by 
Zamir et al., MS medium produced both callus and diploid plantlets from 
anthers at tetrad stage of male sterile (ms) tomato cultivars (27). 
Later, Ziv et al. (28), using the same methodology, obtained dlhaploid 
tomato plants. Calluses and plantlets with different ploidy levels 
were recovered using MS medium and zeatin or 21p and lAA. The best 
results were found when anthers were plated at late meiosis (26). 
Plantlet production using microspore culture has been less 
successful than anther culture, although it has produced advanced 
embryoid or callus stages. Some clones were induced from microspore 
cultures using a modification of White medium (19, 20). In other 
experiments, heart-shaped embryoids developed when microspores were 
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cultured on a modification of Nitsch and Nitsch medium (3). Similar 
results were found using a simpler medium developed by Nitsch (13). 
According to Gresshoff and Doy (9), there is a possibility of revers­
ing the negative effects of abcisic acid in anther cultures of tomato. 
This would be accomplished by the addition of glbberelllc acid to the 
media which would increase the physiological fitness of the haplold 
cultures. With this information, we designed a study to compare the 
effect of different media and growth regulators on the induction and 
regeneration of callus from tomato anther. This work was divided into 
4 experiments. 
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MATERIALS AND METHODS 
Experiment 1 
For this Initial experiment, a group of tomato cultlvars which 
differ in morphology and ability to initiate callus were grown in pots 
under greenhouse conditions (Table 1). Some cultlvars were chosen 
because previous studies suggested that each line could regenerate 
plantlets from microspore or anther culture (9, 13). The rest of them 
would be used as contrast to compare development processes for callus 
and regeneration. 
Table 1. Tomato cultlvars chosen for anther culture on various media 
Cultlvar Origin Source of Cultured Organ 
L-680A Colombia S.A. Anther 
Licato Colombia S.A. Anther 
Llcapal 21 Colombia S.A. Anther 
VP 145-214 USA Anther 
Ailsa Craig USA Protoplast 
Piccolo" Switzerland Protoplast & Microspore 
Lukullus" Switzerland Protoplast & Microspore 
Nadia" Switzerland Protoplast & Microspore 
Linda" Switzerland Protoplast & microspore 
"Kindly sent by S. Krueger-Lebus. 
Plants were watered when needed and fertilized with Hoagland and 
Arnon solution (11) twice weekly. Each plant was distributed at 
random on the benches and staked when needed. No pruning was done. 
The experiment was carried out during August of 1985. 
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Buds containing anthers 2-3.5 mm long (late meiosis to first 
mitosis) were collected in the morning and immediately sterilized with 
a 15 second dip in 70% ethanol followed by immersion in 0.5% Na-hypo-
chlorite for 5 minutes. The buds were than rinsed 5 times with ster­
ile deionized water and plated in Petri dishes (Fisher 10 x 1.5 cm). 
All the anthers of each bud were plated. Anthers ranged in number 
from 4 to 10 with a median number of 6 per bud. 
The stage of anther development was checked by examining 
acetocarmln stained anther smears under the microscope. Generally, it 
was found that from 2-2.5 mm anthers were in tetrad stage and those 
longer than 4 mm were mature pollen grains. Anthers were plated under 
a flow cabinet (Bio-Safe) and Incubated at 26°C ± 1.5. After 4 weeks 
in the dark, the anthers were exposed to 4 weeks of 16 hr photoperlod 
provided by cool white fluorescent lamps. 
Five media were selected to be studied along with the 9 
cultivars. Media components and concentrations are presented in Table 
2. Minor changes were made for all the original media and pH was 
adjusted to 5.8 for all media except for modified white (MW). FeEDTA 
was used in MS basal medium. Napthalene acetic acid (NAA) and 2,4-D 
were solubillzed in water by conversion of the acid into Its sodium 
salt using O.IN NaOH. Kinetin was solubillzed by conversion to hydro­
chloride using 0.1 N HCl, following Gresshoff and Doy (9). Both zeatin 
(mixed isomers) and Indole Acetic Acid (lAA) were dissolved In 100% 
dimethyl sulfoxide (DMSG) prior to addition to the cooled media (about 
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55°C) at a final concentration of 0.5% (27). In this study, hormones 
were filter sterilized using a Cameo HPLC nylon filter with 0.20 ym 
pore diameter. 
Table 2. List of the media and composition and concentration used for 
tomato anther callus induction 
Medial and Concentrations (mg/L) 
Components MW MSb MS* DBM 1 DBM: S
Major salts 
KNOs 80.00 80 .00 1900.00 1000 .00 1000. 00 
MgSO.•7HaO 720.00 72 .00 370.00 250 .00 35. 00 
NH.NO» 400 .00 1650.00 1000. 00 
KCl 65.00 65 .00 300 .00 65. 00 
KHgPO. 12.50 170.00 300. 00 
Ca(NOa)a 4HaO 300.00 144 .00 374. 00 
CaClg 2H,0 440.00 150.00 
NaHaPO. HaO 16.50 90 .00 
NaSO« 200.00 
(NH.)aSO. 200 .00 
NaaHPO. 30 .00 
Minor salts 
Naa-EDTA 37.50 37 .30 37.30 37 .30 37. 30 
Peso. 7Ha 27.80 27 .80 27.80 27 .80 27. 80 
MnS0«-4Ha0 7.00 6 .50 22.30 10 ,00 10. 00 
KI 0.75 0 .75 0.83 0 .75 0. 80 
ZnSO.•7HbO 3.00 2 .70 8.60 3 .00 3. 00 
HsBG, 1.50 1 .60 6.20 3 .00 3. 00 
CuSO.•5Ha0 0.001 0.025 0 .25 0. 25 
NaaMoO«•2HaO 0.25 0 .25 0. 25 
CoCla 6HaO 0.025 0 .25 0. 25 
MoOa 0.001 
^MW, (modified white) after Sharp et al. (20). MS*, and MS^ after 
Murashige and Skoog (17) modified by Zamir et al. (27). DBMi modified 
Gamborg and Eveleigh after Gresshoff and Doy (8), DBM* after Blaydes by 
Gresshoff and Doy (9). Vitamins and glycine in DBMi and DBHa were 
increased tenfold and 2.0 mg/L of biotin were added after Gresshoff 
and Doy (9). 
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Table 2. Continued. 
Media and Concentrations (mg/L) 
Components MW or MS* DBMi DBMa 
Vitamins" 
Myo-Inositol 
Thlamine-HCl 
Pyrldoxine-HCl 
100.00 
4.00 
1.00 
100.00 
0.10 
0.50 
100.00 
0.10 
0.50 
10.00 
1.00 
0.10 
10.00 
1.00 
0.10 
Nicotinic acid 
Ca-Pantothenate 
5.00 
0.10 
0.50 0.50 0.10 0.10 
Nitrogen components 
L-glycine 2.00 2.00 0.40 0.40 
Carbon source 
Sucrose 40000.00 20000.00 20000.00 20000.00 20000.00 
Growth regulators 
2,4-D 
lAA 
NAA 
Kinetln 
Zeatin 
5.00 
0.50 
0.25 
0.50 
0.25 
2.00 
5.00 
2.00 
1.00 
Agar 
Noble 8000.00 8000.00 8000.00 8000.00 8000.00 
pH= 6.00 5.80 5.80 5.80 5.80 
"Before autoclaving. 
Vitamins were dissolved in water and frozen for up to 2 months. 
Each medium was solidified with 8 g/L Noble agar because of the 
negative effects associated with Difco Bactoagar on anther culture 
media (12). 
Once the liquid medium was prepared, the pH was adjusted 6.0 with 
O.IN HCl in the case of MW and to 5.8 with 0.1 NaOH for the rest of 
the media. The agar was then added and the media sterilized by auto-
claving (AMSCO, General purpose autoclave) at 121°C for 20 minutes at 
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18 psi. Afterwards, 20 ml of the appropriate media was poured into 
sterile dishes and anthers were plated within 2 days. 
The 45 treatments were organized as a factorial in randomized 
complete block design with 5 replications. Results were analyzed 
statistically and means and errors were obtained. 
Experiment 2 
Based on the results obtained in the first experiment, 2 media, 
DBMa with relatively high number of callus and MSR with acceptable 
growth of callus, were selected. Also, 2 cultivaars, L-680A with high 
callus induction response and Ailsa Craig with low response, were 
selected in order to analyze their response and possible causes for 
the differences in callusing ability. The objective of this experi­
ment was to compare the effects of two media combinations with four 
growth regulator formulations used in the first experiment (Table 3) 
on callus induction and growth and genotypic response. With this 
information, it was expected to improve the already existing media. 
The experiment was initiated during March of 1986. 
The media components including the growth regulator concentration 
and preparation were the same as in experiment 1. 
To avoid variations found in the first experiment. Anthers of 
more uniform size were selected. The stage of anther development was 
late meiosis (1.8-2.5 mm). Five anthers were plated per dish (Fisher 
10 X 1.5 cm). Post plating treatments were similar to those already 
described. 
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The treatments were distributed In a split-split-block design 
with 12 replications, where the main plots were the media, the split-
plots, the cultivars, and the subplots whick are the growth regulator 
combinations. 
Data were collected two months after the anthers were plated. 
Data on number and size of the calluses were recorded using a Nikon 
SMZ-10 stereoscopic microscope equipped with reticle. Missing values 
were calculated according to Cochran and Cox (2). 
Table 3. Combination of media and growth regulators for Induction of 
callus from anthers of two cultivars of tomato 
Tomato 
Cultivar Media 
Growth 
Regulator 
Concentration 
mg/L 
L-680A DBMi 
Allsa Craig 
L-680A 
Allsa Craig 
L-680A 
Allsa Craig 
L-680A* 
Allsa Craig 
As in DBMi MS* 
treatments 
lAA + zeatin" 
NAA + kinetin 
2,4-D 
0.25 + 0.50 
0.25 + 0.50 
2.00 + 5.00 
2.00 + 5.00 
5.00 
5.00 
"Mixed isomers. 
'"Control without growth regulators. 
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Experiment 3 
Results from experiments 1 and 2 showed a low response to 
calluslng even for the best media and growth regulator combinations. 
The anthers for these experiments, 1 and 2, were plated from late 
stages of melosls to first mitosis. It was found during the develop­
ment of this work that the best results could be obtained if anthers 
were plated at the beginning of prophase I of melosls. It was 
Important to evaluate again the response of the anthers to the five 
original media when plated at this early stage. 
For this experiment, three cultivars were chosen, L-680A with a 
high rate of callus Induction and both Ai Isa Craig and Licato with low 
callus production. In addition, Allsa Craig was chosen for its rooting 
ability on these media. The three cultivars had different background. 
For this experiment, the five media used in experiment 1 were 
evaluated. The buds were taken from young plants during January of 
1987. Anthers at the beginning of prophase of melosls (leptotene) 
were selected for plating. The stage of the anther development was 
checked by viewing aceto-orceln stained anther smears. Anthers in 
early prophase 1 had a size of 1.5-1.8 mm approximately for each 
cultlvar. Five anthers per dish were plated. 
The same components and concentrations as in Table 2 were used. 
Autoclavlng procedures and sterilization by filtering the zeatin and 
lAA were similar to the first two experiments. For reasons of space 
and economy, dishes 6 x 1.5 cm were used instead of 10 x 1.5 cm. (In a 
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previous experiment, it was demonstrated that the use of smaller 
dishes did not affect the number or size of the callus induced from 
anthers.) 
Autoclaving procedures and sterilization by filtering the zeatin 
and lAA were similar to the first two experiments. The 15 treatments 
were arranged as a split-plot design with 14 replications. Main plots 
were assigned to cultivars while the subplots were assigned to media. 
Data on the number and diameter of calluses were recorded after two 
months of culture. Observations on the color and number of calluses 
from the anther tip where also recorded. 
Experiment 4 
Regeneration: After 2.5 months, the calluses obtained from the 
DBMi treatment in the third experiment were transferred on to regener­
ation media. The treatments evaluated are presented in Table 4. 
Table 4. Media and growth regulators used for regeneration of 
calluses derived from anthers of tomato 
Growth Regulators mg/L 
Media" Zeatin" lAA GAa 
DBMi 0.25 0.50 0.0 
DBMi 0.25 0.50 0.1 
MS* 0.25 0.50 0.0 
MS* 0.25 0.50 0.1 
"Plus 10 g/L sucrose + 8 g/L Noble agar. 
•"Mixed isomers. 
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Both zeatln and lAA were added to the media as explained in the 
previous experiments. Gibberellic acid was added after autoclaving 
using a HPLC filter, 2 ym membrane MSI (Cameo). For treatments 1 to 4, 
four calluses 3-5 mm in diameter were plated per dish (Fisher 10 x 
1.5). The treatments were distributed in the growth chamber (Rheem-
Sherer) as a factorial in randomized complete block design with 8 
replications for L-680A and 6 for Ailsa Craig and Licato. The dishes 
were exposed to a 16 hr photoperiod delivered by cool white fluorescent 
lamps (80.0 micro E cmr* S~" to 130.0 micro E cm~® S~*) and the 
temperature was kept constant at 26± 1.5°C. The calluses were 
transferred twice onto the regeneration media, one transfer each month. 
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RESULTS AND DISCUSSION 
In general, callus production for experiment 1 was very low, 
indicating a poor response from the anthers and cultlvars to the media 
treatments. There were significant differences among media (Table 5). 
Table 5. Analysis of variance for number of callus from tomato anthers 
Source df MS F" 
Replication 4 0.005 0.16 
Media (M) 4 0.14 4.66** 
Cultiver (C) 8 0.03 1.00 
M X C 32 0.04 1.33 
Error 128*' 0.03 
"F test significant at the 5%* or 1%** level. 
^'Reduced from 155 to 128 due to missing values. 
The best results were obtained when anthers were plated on DBMi or 
DBMe. However, DBMa calluses were very small and tended to darken 
faster. In contrast, MSn produced better growth and healthier appear­
ance. MS basal media gave very few calluses and was significantly 
different from the rest of the treatments (Table 6). 
In the case of MW medium, it was noticed that the calluses were 
of embryogenic type containing globular stage embryoids. Masses of 
yellow color developed from each side of the anther sac. This mass 
burst approximately 1-1/2 months after plating. Embryoid production 
was more pronounced in first mitosis, 3.0 mm. There were no differ­
ences among tomato lines although; the low number of replications and 
A 
contamination may have masked significant responses. L-680A and Linda 
showed the highest ratio. 
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Table 6. Effect of five different media on the number of tomato anther 
calluses 
Media Ratio" 
MW 0.072 
DBMi 0.131 
DBMs 0.127 
MSm 0.025 
MSb 0.005 
LSD 0.05 0.036 
Cultivars 
Licato 0.074 
L-680A 0.135 
Llcapal 21 0.038 
Piccolo 0.036 
Linda 0.120 
Lukullus 0.098 
Ailsa Craig 0.080 
VP—145—21-4 0,066 
Nadia 0.016 
LSD 0.05 0.126 
"Ratio = number of anthers with callus divided by total number of 
anthers. 
Results in experiment 2 showed significant differences (Table 7). 
DBMi was superior to MSR in terms of number of calluses but not in 
callus size. These results are similar to the results in experiment 1 
(Tables 8 and 9). 
For the second experiment, there were no significant differences 
between the two cultlvars for the number of callus produced or for the 
diameter of these calluses (Tables 8 and 9). Growth regulator formula­
tions differed significantly for both callus number and diameter 
(Tables 10 and 11). 
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Table 7. Analysis of variance for number and mean diameter of 
calluses (mm) 
Callus 
Squrce of Number Mean Diameter 
Variation df MS F- MS F» 
Replication 11 2.13 2.07 1.00 1.56 
Media (M) 1 5.67 5.50** 0,04 0.06 
Error a 11 1.03 1.47 0.64 2.13 
Cultlvar (C) 1 0.13 0.24 0.44 1,80 
M X C 1 1.88 3.55 0.04 0,17 
Error b 22 0.53 0.76 0.24 0,80 
Growth 
Regulator (GR) 3 55.70 79.57** 29.64 98,80** 
M X GR 3 1.35 1,93 0.35 1.17 
C X GR 3 10.20 14.47** 2.71 9.03** 
M X C X GR 3 3.23 4,61** 0.01 0,03 
Error c 132 0.70 0.30 
"F test significant at the 5%* or 1%** level, 
Table 8. Tomato cultlvar and media effects on the number of anther 
derived callus 
Media** 
Cultlvar DBMi MS* Mean* 
L-680A 1.27= 1,13 1.20 
Ailsa Craig 1.52 0.98 1.25 
Mean* 1.40 1.05 
-LSD 0.05 = N.S. 
^LSD 0.05 = N.S., cv% = 59.37. 
°Plve anthers per dish. 
**LSD 0.05 = 0.32, cv% = 83.14. 
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Table 9. Tomato cultlvar and media effects on the diameter of callus 
from tomato anthers 
Media* 
Cultiver DBMj. MS^ Mean* 
L-680A 0.83= 0.88 0.85 
Ailsa Craig 0.75 0.76 0.76 
Mean* 0.79 0.82 
-LSD 0.05 = N.S. 
•"LSD 0.05 = N.S. , cv% = 60.95. 
"Average diameter of calluses per dish in mm. 
*LSD 0.05 = N.S., cv% = 99.45. 
Table 10. Tomato cultivar and growth regulator effects on the number 
of anther derived callus 
Growth Regulator* 
Cultivar 2,4-D lAA + Zeatin NAA + Kinetin Control Mean" 
L-680A 0.29= 1,33 3.12 0.04 1.20 
Ailsa Craig 1,58 1.00 2.25 0.17 1.25 
Mean* 0.93 1.16 2.69 0.10 
-LSD 0.05 = 0.43. 
*LSD 0.05 = N.S., cv% = 59.37. 
"Five anthers per dish. 
*LSD 0.05 = 0.33, cv% = 68.14. 
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Table 11. Tomato cultiver and growth regulator effects on the diameter 
of callus from tomato anthers 
Growth Regulator* 
Cultivar 2,4-D lAA + Zeatin NAA + Kinetin Control Mean* 
L-680A 0.10" 1.10 2.16 0.04 0.85 
Ailsa Craig 0.52 0.98 1.44 0.08 0.76 
Mean* 0.31 1.04 1.81 0.06 
•LSD 0.05 = 0.35. 
*LSD 0.05 = N.B., cv* = 60.94. ^ 
^Average diameter of calluses per dish in mm. 
°LSD 0.05 = 0.28, cv* = 67.73. 
The mixture of auxin and cytokinin, kinetin + NAA, produced 
significantly larger and and a greater number of calluses than did the 
rest of the combinations. Interestingly, the treatment without growth 
regulators showed some level of response. Microscopic analysis 
revealed outgrowth of the sporogenous tissue similar to the one 
obtained with 2,4-D, but in this case, in the form of big round micro­
spores. It was not clear whether division occurred within them. As in 
experiment 1, 2,4-D induced some embryogenic calluses especially in the 
tetrad stage (2-2.5 mm) anthers. 
Interactions : There were significant interactions for cultlvars 
and growth regulators (Tables 10 and 11). NAA + kinetin induced more 
calluses from L-680A anthers than it did from Ailsa Craig. However, 
2,4-D induced a greater number of callus from Ailsa Craig than L-680A. 
Similar results were found for callus diameter in the case of 
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NAA + kinetin. L-680A was able to develop bigger calluses without 
growth regulators when compared to AiIsa Craig. No interaction, media 
X cultivar or media x growth regulator, was found. 
The interaction, cultivar x medium x growth regulator, was 
significant for both number and size of the calluses (Tables 12 and 
13). L-680A showed better response to DBMi plus kinetin + NAA than 
Ailsa Craig for number of calluses. Ailsa Craig produced a higher 
number of calluses when plated in DBM, plus 2,4-D than L-680A for the 
corresponding medium and growth regulator. The highest overall values 
for number of callus were obtained with DBM» + kinetin + NAA, the 
original medium developed by Gresshoff and Doy (8, 9). 
Table 12. Tomato cultivar media and growth regulator effects on the 
number of anther derived callus 
Growth Regulator" 
lAA + NAA + 
Cultivar x Media 2,4-D Zeatin Kinetin Control Mean* 
L-680A X DBMi 0.17° 1 .33 3 .50 0 .08 1 .27 
L-680A X MS* 0.42 1 .33 2 .75 0 .00 1 .12 
Ailsa Craig x DBMi 2.42 1 .00 2 .42 0 ,25 1 .52 
Ailsa Craig x MS* 0.75 1 .00 2, 08 0. ,08 0, ,98 
Mean* 0.93 1 .16 2. 69 0. ,10 
"LSD 0.05 = 0.68. 
"LSD 0.05 = 0.38. 
"Five anthers per dish. 
^LSD 0.05 = 0.33. 
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Table 13. Tomato cultlvar media and growth regulator effects on the 
diameter (mm) of anther derived callus 
Growth Regulator* 
lAA + NAA + 
Cultivar x Media 2,4-D Zeatin Kinetin Control Mean*" 
L-680A x DBMi 0.08° 0.93 2.20 0.08 0.83 
L-680A X MS* 0.12 1.27 2.13 0.00 0.88 
Ailsa Craig x DBMi 0.50 0.89 1.52 0.12 0,76 
Ailsa Craig x MS* 0.54 1.08 1.36 0.04 0.76 
Mean* 0.31 1.04 1.81 0.06 
•LSD 0.05 = 0.48. 
»LSD 0.05 = 0.28. 
"Average diameter of calluses per dish. 
•*LSD 0.05 = 0.28. 
The response of the triple interaction for diameter of callus was 
similar to number of callus. DBMi + kinetin + NAA induced bigger 
calluses in L-680A than it did in Ailsa Craig. For Ailsa Craig, the 
combination of MS^ + zeatin + lAA increased the diameter of the 
calluses more than in the case of L-680A. 
In general, there was an Increase in the total number of calluses 
produced in experiment 2 as compared to experiment 1. That may be due 
to the plating of anthers in earlier stages of development in the 
second case. It has been reported that the later prophase of meiosis 
is the optimum stage for callus induction in tomato anthers (8), For 
the second experiment, the anthers plated were selected in late meiosis 
as indicated previously. Experiment 3 was plated using anthers in 
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early stage of prophase I of miosis not only to evaluate the response 
at this stage but to observe if the media responses were valid for 
earlier development stages. 
Experiment 3 results show significant differences for cultivars 
and media (Table 14). 
Table 14. Analysis of variance for number and diameter of callus 
Callus 
Source of 
Variation df 
Number 
MS F-
Mean 
MS 
Diameter 
F-
Replication (R) 13 2.17 2. ,19 0.95 2.36 
Cultivar (C) 2 16.75 16, 91** 2 .62 6.55** 
Error a 26 0.99 1, 14 0 .40 0.91 
Media (M) 4 33.52 38. ,52** 12 .46 28.32** 
M X C 8 1.36 1. 56 0 .11 0.25 
Error b 155» 0.87 0 .44 
"F test significant at the 5%* or 1%** level. 
"Reduced from 156 to 155 due to missing value. 
For this experiment (Tables 15 and 16), DBMi medium was superior 
to the rest of the media for number of calluses and no different from 
MSR for diameter of calluses. These results are similar to those found 
in the second experiment. Responses to DBMg and MSR were similar for 
number of calluses, although, for callus diameter, the response to DBMa 
was cleaarly inferior. In this experiment, results with 2,4-D were 
very low. Also, instead of producing the type of embryogenlc callus 
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observed in experiment 2 when anthers were plated at advanced stages, 
the type of callus observed in experiment 3 was similar in structure, 
small and of poor appearance. 
MSR medium was superior for callus Induction and growth to MS^ and 
to MW. These results agreed with observations in experiment 1. Media 
such as MSb and NW are low in mineral salts which could have accounted 
for the poor results. It has been shown that media rich in salts have 
a positive influence on the growth of calluses (7, 17). Also the 
effect of growth regulators in DBMi had a positive effect on callus 
induction as shown in experiment 2. 
A very Important difference was noticed between the calluses 
produced by anthers on DBMi medium and MSR. In the first case, cal­
luses originated from the inside of the anthers while the anther itself 
browned and dried out as has been reported by other authors (9, 11). 
For MSR, the whole anther became involved in callus formation involving 
both the anther wall and the sporogenous tissue simultaneously. This 
differential response to either medium could be related to the type and 
proportions of their growth regulators (8, 10). Calluses from DBMi 
medium were either white or transparent (L-680A), yellowish (Licato), 
or yellowish-green (Ailsa Craig). 
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Table 15. Tomato cultlvar and media effects on the number of anther 
derived callus 
Media* 
Cultivar MW DBMi DBM, MS* MSb Mean** 
L-680A 1.07= 3.71 2.64 2.71 1.36 2.30 
Licato 0.64 2.29 1.64 1.28 1.00 1.37 
Ailsa Craig 0.43 3.14 1.50 1.78 1.07 1.58 
Mean* 0.71 3.05 1.93 1.93 1.14 
"Dunnett 0.05 = N.S. 
*Dunnett 0.05 = 0.50, cv% 56.67 
"Five anthers per dish. 
*Dunnett 0.05 = 0.39, cv% 53.09 
Table 16. Tomato cultivar and media effects on the diameter of anther 
derived callus 
Media* 
Cultivar MW DBMi DBMa MS* MSb Mean* 
L-680A 0.85° 1.95 1.20 2.08 0.96 1.43 
Licato 0.46 1.61 0.98 1.58 0.78 1.08 
Ailsa Craig 0.36 1.71 0.92 1.67 0.86 1.10 
Mean* 0.56 1.76 1.06 1.78 0.87 
"Dunnett 0.05 - N.S. 
*Dunnett 0.05 = 0.36, cv* 52.67. 
"Average diameter of calluses per dish in mm. 
*Dunnett 0.05 = 0.50, cv% 54.88. 
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In the third experiment no interactions between cultivar x media 
were found. Results similar to experiment 1 confirm the ability of 
DBMi to induce callus from a wide range of tomato cultivars at differ­
ent stages of anther development. L-680A produced more and larger 
diameter callus than Licato or Ailsa Craig, although no differences 
were found in the first experiment among cultivars. These results 
suggest that the genotype of the anther may play a significant role in 
determining the frequency of callus induction. 
Regeneration; The treatments for regeneration did not induce 
shoots at least during two transfers. MSR induced rapid growth and 
greening of the calluses, and 1 to 2 weeks later they showed areas on 
the surface resembling meristematic growth points. However, after two 
transfers, no change occurred except for root formation, especially in 
Ailsa Craig and Licato with about 4-5% of the calluses showing rhizo-
genesis. This enhancing effect of MSR on callus growth is important 
because it is known that the transfer of cells to a new medium can 
result in slower growth rates for one or two subcultures until the 
cells become adapted (7). However, the effect that a transfer of 
callus from a medium such as DBMi to a different one has on its mor-
phogenetic capabilities is not known. 
Calluses on DBHi developed more slowly and with less greening than 
those on MS*. There was no apparent effect of GAa on callus growth or 
appearance. 
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From all of these experiments, it can be seen that media and 
growth regulators play important roles in callus Induction and growth. 
DBMi medium developed by Gresshoff and Doy (8, 9) seems to be superior 
not only in callus induction but in the type of callus produced. This 
contrasts with other studies where MSR has been selected as very reli­
able (26, 28) and superior to other media for anther culture of male 
sterile cultivars (27, 28). In our experiments, the cultivars were 
fertile. The ability of DBM» plus NAA + kinetin for induction of 
calluses from the sporogenous tissue and for minimizing maternal tissue 
growth is one of the variable on which the efficiency of haploid plants 
from anther culture depends (14). This important hormonal effect has 
been reported as playing a major role in tomato anther culture (14, 
15, 26). Although some callusing was observed in anthers grown without 
growth regulators, it was present in very low proportions and 
apparently as a swelling of the microspores. 
The combination of NAA + kinetin was superior to zeatin + lAA for 
callus induction and showed a significant interaction with cultivar. 
Previous studies have shown that zeatin + lAA were able to induce 
callus from sporogenous tissue (25, 27). In our experiments, we 
observe callus developing but from somatic and sporogenous anther 
tissues that would explain why the régénérants obtained by those 
anthers were diploids. 
The embryogenic effect of 2,4-D on tomato anthers has been 
described in other works using microspore nurse culture (9,20) but has 
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not been reported In tomato anthers. These results show some 
possibilities for further research on the production of haploid (or 
dihaploid) plants through embryogenlc rather than callus pathway. 
A strong genotypic response was found among cultlvars. This has 
been reported not only for tomato but for other plant species (1, 4, 9, 
13). It is possible to obtain anther calluses from any cultivar even 
if the frequency is low. 
Differences found among the cultlvars when comparing the experi­
ments may be ascribed to environmental effects. Since the experiments 
were plated at different times during the year, photoperiod and green­
house temperature may have Influenced the plant hormonal and mineral 
status as reported in other cases (4, 5, 14). 
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CONCLUSIONS 
The results of these experiments Indicate that the medium DBMi can 
induce callus in a wide number of tomato cultivars and is superior to a 
series of media used by others for the same purposes. Callus induction 
depends on the cultivar and the stage of anther development. However, 
it is possible to induce calluses from anthers in early meiosis, late 
meiosis, and the microspore stage. DBMi medium induced calluses from 
the sporogenous tissue. MS*, which induced anther calluses similar i n  
size to DBMi, produced calluses from both somatic and sporogenous 
anther tissue. This medium's characteristic may present problems for 
efficient haploid or dihaploid plant production. 
Growth regulators were definitive in increasing the induction and 
growth of calluses. Among them, NAA plus kinetin were the most effi­
cient. The growth regulator 2,4-D (auxin-like) Induced embryogenic 
calluses in anthers past the tetrad stage. Some degree of callusing is 
possible without growth regulators. Growth regulators interacted with 
cultivars for both number and size of the calluses. 
L-680A, an experimental line for processing, expressed the highest 
amount of callus induction and growth, up to 10% when early meiosis 
anthers were plated. 
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ABSTRACT 
Previous studies suggest that a wide range of tomato anther 
stages are appropriate for in vitro culture (8, 14, 16, 30). 
In this experiment, three tomato cultivars exhibiting wide 
morphological differences were studied to determine which anther length 
produced the most callus. Anthers of L-680A, Licato, and Ailsa Craig 
were plated on DBMi medium (13, 14). Anthers were harvested to repre­
sent a whole range of stages, from the beginning of meiosis to those 
past first mitosis. The data on the number and diameter of calluses 
were collected two months later. 
Anthers in the stage of early meiosis produced the largest number 
of calluses. In contrast, the diameter of calluses was fairly constant 
over all of the developmental stages represented in this study. 
Calluses were induced at all stages of anther development with fewer 
calluses produced as the length increased and the anther approached 
the pollen stage. Both number and size of calluses were significant 
for linear and quadratic models. According to the linear model, 65% 
of the variation in number of callus is due to the stage of development 
of the anther. Fifty percent of the variation for callus diameter is 
explained by the stage of anther development. These values increased 
up to 70% and 54%, respectively, in the case of the quadratic model. 
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INTRODUCTION 
When immature anthers are excised and placed on a culture medium, 
the typical gametophytic differentiation is Inhibited and cell 
division, callus formation, and regeneration can occur in a portion of 
the microspores (11). The androgenetic response depends especially on 
the stage of development of the anther and species (10). In the case 
of the Solanaceae, cereals and Brassicas. the best stage for embryo 
induction is the uninucleate stage (11, 17, 25). A few species such as 
Digitalis purpurea produce more pollen embryoids at the tetrad stage 
(7). In Arabidopsis thaliana (12), Vitls vlnifera (14), tomato (13), 
and wheat (17), callus responses have been found at early meiosls. In 
tomato, other reports have also shown late meiosis (29), tetrad (30), 
and uninucleate microspore (16) stages are best for generating 
calluses. 
Some studies have shown that the stage of tomato anther 
development influences whether callus or embryos will be obtained. In 
this study, callus is produced by anthers still in a meiotic stage 
while embryogenesis of microspores occurs from cells in the tetrad 
stage or beyond (8). 
Although no regeneration was obtained, anthers plated at 
uninucleate stage gave a frequency of 4-50% of callus formation. When 
anthers from hybrids of L. esculentum x L. peruvianum were plated in 
the late mononucleate stage, callus and shoots were recovered (5). For 
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this stage, it is necessary that uninucleate microspores have a 
uniformly distributed cytoplasm to produce callus. Only 3% of this 
type of microspore appears to go through the androgenic process (16). 
When tomato microspores have been cultured in liquid media or 
nurse cultures, the uninucleate or blnucleate stages have been used to 
produce heart shaped embryoids (23) which develop to the cotyledonary 
stage (8). In some cases, microspores may produce embryoids if plated 
in a nurse culture system (27). 
Size of the Bud and the Anther and Developmental Stage 
In Nicotiana. a good relationship exists between the length of the 
bud and the stage of anther development (22). In the tomato, the 
situation is not as clear cut and reports differ widely. For example, 
buds 1 cm long may contain microspores (27), while buds 0.5 mm long 
contain pollen mother cells in early meiosis (13). In other papers, 
buds 2-3 mm long contained pollen mother cells in early meiosis (14). 
The relationship between anther length and developmental stage in 
the tomato has been studied by different authors (1, 8, 16), Results 
are shown in Tables 1, 2, and 3. As can be seen in Table 1, most 
anther sizes included at least two developmental stages. Variation in 
stages was observed for similarly sized anthers on the same plant, 
anthers of the same flower, and even within a single anther (8, 30). 
In another experiment with hybrids, both the length of buds and 
anthers were analyzed (Table 2). If the stages are standardized, simi­
lar results can be found when different cultivars are used (Table 3). 
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Table 1. The developmental stage of tomato pollen mother cells as 
observed In different length anthers in percentage" 
Developmental Anther Size (mm)" 
Stage 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 
Meiosis 32.0 59.4 8.1 
Tetrads 35.5 51.1 13.3 
Uninucleate 
pollen 3.2 70.9 6.4 14.5 5.0 
Mature 
pollen 9.4 12.5 68.7 9.4 
•After Dao and Shamina (8). 
"Cultivar Gruntovyi Gribovskii. 
Table 2. Tomato anther and bud length for four developmental stages 
of pollen mother cells" 
Developmental 
Stage 
Length (mm)' 
Anther Bud 
Sporogenous tissue 
Microspore tetrads 
Uninucleate microspores 
Microspore with vacuole 
2 .00  
2.50 
3.00 
3.50 
4.00 
5.00 
6 .100  
6.50 
"Gulshan et al. (16). 
"Cultivars HS-lOl, HS-102, and Fi Montfavet 63-4 x HS-101. 
Table 3. Developmental stage of tomato anthers as observed in 
different length buds" 
Developmental 
Stage Bud length (mm)^ 
Bud initiation 
Early prophase 
Diads and tetrads 
Young microspores and tapetum 
Binucleate pollen 
Dehiscence 
0.30 
4.00 
5.00 
7.00 
9.00 
11.50 
"Aung and Byrne (1). 
"Cultivar Fireball. 
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Floral Characteristics 
On the tomato flower apex, the different classes of organs are 
produced In the following acropetal sequence: sepals, petals, stamens, 
and carpels. The Initiation of sepals has a distinct helical pattern 
In contrast to stamens where Initiation Is simultaneous (6). No 
differences In stamen growth are observed before they reach 0.7 mm. 
Beyond this length some stamens may enlarge faster than others (15). 
In heredity studies on the mode of Inheritance, it has been 
demonstrated that sepal length (bud length) Is determined by a single 
gene pair (Sx) with incomplete dominance (4). Pedicel length was found 
to be quantitatively Inherited (3). A correlation between pedicel 
length and sepal length (r = 0.55) was also found (4). We have 
observed large differences in tomato anther callus production when bud 
or anther lengths recommended by others were used in our studies. It 
appears that the optimum anther developmental stages is either broadly 
defined in the literature, or a less than optimum stage has been used 
by others to obtain callus. 
The objectives of this experiment were to compare the different 
stages of anther development for callus Induction frequency and deter­
mine whether different tomato cultlvars possess the same optimum anther 
development plating point. 
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MATERIALS AND METHODS 
Three tomato cultlvars were chosen based on results from previous 
experiments. Both high and low callus frequencies and morphological 
characteristics were used as criteria for selection. 
L-680A is an experimental line for processing which yields well 
under warm tropical conditions (22°C - 28°C). Plant growth habit is 
determinate (sp) with numerous branches. Fruits are small (50 g) and 
pear-shaped. Sepals (Sx) and pedicels are long. L-680A usually 
produces 60-80% anther callus. 
Licato is an indeterminate tomato cultlvar with bilocular heart­
like fruits, broad leaves, and some nematode tolerance. Flowers are 
borne on short supporting pedicels and have long sepals. This 
cultlvar is grown under mild tropical climatic conditions. Licato 
generally produces 30% anther callus. 
Ailsa Craig is an old indeterminate cultlvar with oblate 
multllocular fruits, short sepals and pedicels. This line is 
generally grown for greenhouse production in temperate growing areas. 
Ailsa Craig usually produces 30% anther callus which express with 
organogenic responses and rooting characteristics. 
Plants were grown in 22 x 22 cm plastic pots, filled with a 1:1:1 
mixture of peat:perlite:soil. Plants were watered when necessary and 
fertilized with a 20-20-20 + microelements (Peters Professional) 
weekly. Three hundred ppm per pot of the fertilizer were applied. 
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Plants were stalked and pruned slightly to keep the vegetation growth 
manageable. 
The experiment was conducted during June 1986. The experiment was 
distributed at random in the growth chamber as a split plot design. 
The main plots were the time of bud harvest, morning or afternoon, and 
the subplots were the cultlvars and anther length, which were arranged 
as a factorial in randomized complete block. Analysis of variance was 
run on plot, dish means. The data were also subjected to regression 
analysis. Buds were collected in the morning and in the afternoon. 
Bud and anther lengths were checked in each cultlvar to assure that 
every developmental stage and length were present in the study. 
The stage of anther development was checked In 30 flowers per 
variety. Anthers were selected to represent early prophase I to post 
blnucleate stage. This corresponds to buds from 2 to 15 mm containing 
anthers from 1.5 to 4 mm. 
Fresh anther smears were made with 1% acetocarmin to determine the 
developmental stage. For longer anthers representing late stages, 
Feulgen stain was used. 
The length of each bud was measured using a millimeter scale held 
inside a laminar air cabinet (Bio Safe Corporation). One or two 
anthers per bud were measured using a fine scale lens (Fisher). Ten 
buds from each cultlvar were plated in the morning and in the afternoon 
t(St a total of 60 buds per day. The buds were sterilized with a 15-20 
second dip In 70% ethanol followed by 5 minutes in 0.5% 
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Na-hypochlorite. Four rinses with sterile Type I water were provided 
to wash the buds thoroughly. 
Ten ml of DBMi media, pH 5.8 (13, 14), and 7 g/L Noble agar 
autoclaved for 20 minutes at 121*C and 18 psi were poured in Fisher 
dishes (6 x 1.5). Five anthers were plated per dish. Dishes were 
sealed with parafllm, wrapped with aluminum foil, and placed in a 
growth chamber (Rheem-Sherer) at 26°C ± 1.5. After 4 weeks, the dishes 
were unwrapped and exposed to a 16 hr day photoperiod for another 4 
weeks. The anthers were analyzed using a stereoscopic microscope Nikon 
SMZ-10. Then the number of anthers with calluses were recorded. 
Callus diameters were measured using a Nikon SMZ-10 stereoscopic 
microscope equipped with a reticle. 
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RESULTS AND DISCUSSION 
Anther Length and Stage of Development 
Anther development was similar for the three varieties despite 
obvious differences in bud-sepal length (Table 4). Ailsa Craig tended 
to have smaller anthers for the developmental stages as compared to L-
680A and Licato. Both acetocarmin and acetorein were equally effective 
for determining the different stages of development, except for the 
binucleate stage, where Feulgen was more effective. Interphase was 
characterized by small and variable sized chromatic bodies (21). 
Table 4. Pollen mother cell melotic development compared to anther and 
bud length in tomato 
Length (mm) 
Developmental Bud 
Stage Anther A. Craig L-680A Licato 
Premeiotic 1.5 <3.0 <3.5 <3.5 
Prophase I 
CM 1 <
o 
.0 3.0-3.5 3.5-4, ,0 3.5-4, .5 
Dyads and Tetrad 
CM 1 O 
CM 
.5 3.5-4.5 4.0-6, 5 4.5-7. 0 
Uninucleate 2.8-3 .3 4.5-6.0 
00 1 l
O CO 
0 7.0-9. 0 
Binucleate 3.5-4 .0 >6.0 >8.0 >9.0 
Although the beginning of prophase I is not easily characterized 
cytologically, leptotene can be clearly defined by the appearance of a 
network of fine threads (21). Anther lengths for the different cul-
tlvars were smaller than those reported in most of the literature (1, 
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16) yet similar to those by Dao and Shamina (8). We observed many 
different meiotio stages present for each anther length. It has been 
reported that meiosis asyncrony may also be caused by in vitro culture 
(20). These observations suggest that anther length may not be the 
best selection criteria (30). 
Anther Development and Callus Induction 
In order to decide the type of analysis to be conducted on the 
data, graphics of the residuals were obtained. It was apparent that, 
for number of calluses and diameter, a linear model would represent the 
data adequately. In the case of number of calluses, a quadratic effect 
also was possible. Both types of analyses were conducted. The ANOVA 
for the linear model is shown in Table 5. 
Significant effects were found for anther length, cultivars, and 
the Interaction anther length x cultivar for both the number and diam­
eter of calluses. Time of bud harvest (morning or afternoon) did not 
significantly affect callus number or growth. Total results for number 
and diameter of calluses are shown in Table 6. 
When a quadratic model was used, the R-square value increased from 
0.64 to 0.70 for number of calluses. There was no change for callus 
diameter. As with the results obtained from the linear model, there 
were significant results for each source of variation except for time 
of bud harvest. In the case of the quadratic interaction, there is 
significance for both number and diameter of calluses (Table 7). 
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For the estimation of the parameter, an analysis of regression was 
performed using linear and quadratic models. 
Table 5. Analysis of variance for the number and diameter of tomato 
anther derived callus. Linear Model 
Callus 
Source of Number Mean Diameter (mm) 
Variation df MS F- df MS F~ 
Date (D) 12 2 .05 1. 31 12 0 .96 0 .68 
Cultivar (C) 2 15 ,01 9. 62** 2 15 .43 10 .87** 
Error a 24 1 .56 1. 01 24 1, .42 1, 58 
Anther length (AL) 1 847 .07 550. 94** 1 213 .76 237. 51** 
AL X C 2 6, 92 4. 50* 2 8. 30 9, ,22** 
Error b** 344 1, .54 345 0. 90 
"F test s ignificant at the 5%* or 1%** level, 
'=>df reduced from 346 to 344 and 345 due to missing values. 
Table 6. Influence of the tomato anther size on number and diameter 
of calluses. General means 
Callus 
Cultivar Number Mean Diameter (cm) 
L-680A 2.07 1.42 
Licato 1.46 0.92 
Ailsa Craig 1.45 0.76 
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Table 7. Analysis of variance for the number and diameter of tomato 
anther derived callus. Quadratic Model 
Callus 
Source of Number Mean Diameter (mm) 
Variation df MS F- df MS F-
Date (D) 12 1.74 1.12 12 0.93 9 .65 
Cultivar (C) 2 8.53 5.50** 2 10.36 7 ,29** 
D X C (Error a) 24 1.55 1.19 24 1.42 1, .69 
Anther length (AL) 1 174.63 134.33** 1 39.36 46. ,85** 
AL X AL 1 81.74 62.88** 1 17.28 20, 57** 
AL X C 2 5.10 3.92* 2 6.01 7, 15** 
AL X AL X C 2 4.00 3.08* 2 4.40 5, 24** 
Error b*® 343 1.30 344 0.84 
"F test significant at the 5%* or 1%** level. 
^'df reduced from 346 to 343 and 344, respectively, due to missing 
values. 
Anther length did not significantly affect callus diameter but 
cultivar and cultivar x anther length treatments did. For the number 
of calluses all sources of variation were significant (Table 8). 
Table 8. Analysis of variance for the estimation of the parameters 
for number and diameter (mm) of tomato anther derived 
callus. Linear Model 
Callus 
Source of Number Mean Diameter (mm) 
Variation df MS F~ df MS F= 
Cultivar (C) 2 15, .16 9 .76** 2 9, .74 10, .59** 
Anther length (AL) 1 866. 74 557 .49** 1 0, 18 0. ,19 
AL X C 2 7, .04 4, .53* 2 5. 16 5, 62** 
Error 382 1, .55 187 0. ,92 
"F test significant at the 5%* or 1%** level. 
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There was a relatively high R square suggesting that the model fit the 
data well (R" = 0.61). The linear equations derived from the data are 
presented in Table 9. 
Table 9. Linear equations for tomato anther length and number of 
derived calluses 
Cultivar Equation 
L-680A Y" = 7.037 - 2.050X* 
Licato Y = 5.179 - 1.540X 
Ailsa Craig Y = 5.338 - 1.610X 
"Number of calluses. 
^Length of the anther. 
The Interaction cultivar x anther length showed that L-680A 
produced more callus as anther length decreased. While all three 
cultivars reacted this way, Licato and Ailsa Craig's production did not 
increase as rapidly (Table 10). 
Table 10. Linear equations for length of anther and diameter (mm) of 
derived callus 
Cultivar Equation 
L-680A Y" = 3.637 - 0.597X1» 
Licato Y = 1.339 - 0.261X 
Ailsa Craig Y = 1.620 - 0.125X 
•Number of callus. 
^Length of the anther. 
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Equations predicting callus diameter from anther length did not 
fit the data well (R® = 0.16). Again, as L-680A anther size increased 
its callus diameter decreased. In contrast, callus diameter increased 
as the lengths of Licato and Ailsa Craig anthers increased. 
Under the quadratic assumptions, significant results were found 
for the estimation of parameters (Table 11). The number of calluses 
behave in similar ways reflecting a decrease in number with increasing 
anther length as indicated by the equation shown in Table 12. Ailsa 
Craig and Licato stopped producing callus by the first mitosis. An 
R® = 0.66 indicates a good fitting of the equation. 
As in the case of the linear model, L-680A differed significantly 
from Licato and Ailsa Craig for the interaction length of anther x 
cultivar (Table 13). Callus diameter decreases for L-680A and Licato 
as anther length increases. Ailsa Craig callus increases as the 
developmental stage moves from prophase I to tetrad. After the tetrad 
stage, callus diameter sharply decreases. The fitting although 
significant, was very low (R® = 0.23). 
In the case of diameter, Ailsa Craig behaves differently than 
Licato or L-680A producing a better growth when plated at the tetrad 
stage and presenting a decrease as anther length increases (Table 13). 
The results agree with those found by Gresshoff and Doy (13) who 
suggest prophase I is best for callus Induction. However, our results 
show there was a greater induction of calluses from early prophase I as 
compared with late prophase I. It is also apparent that a continuous 
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decrease in the number of calluses follows the increase of the anther 
length. Low number of calluses were found at the uninucleate or 
binucleate microspore stage which does not agree with results obtained 
by other authors (16, 24). 
Table 11. Analysis of variance for the estimation of parameters for 
number and diameter (mm) of tomato anther derived callus. 
Quadratic model 
Callus 
Source of Number Mean Diameter (mm) 
Variation df MS F= df MS F-
Cultivar (C) 2 11 .70 8 .75** 2 5 .78 6 .80** 
Anther length (AL) 1 182 .90 136 .93** 1 0 .94 1, .11 
AL X AL 1 84 .41 63 .20** 1 0 .32 0, 38 
AL X C 2 7 .91 5 .92** 2 3 .46 4. ,07* 
AL X AL X C 2 6 .63 4 .97** 2 2 .29 2. ,70 
Error 379 1 .34 184 0. ,85 
"F test significant at the or 1%** level. 
Table 12. Quadratic equations for tomato anther length (X) and number 
of callus (Yn) 
Cultivar Equation 
L-680A = 12.250 - 0.716X + 0.928X*» 
Licato Y„ = 9.965 - 5.389X + 0.867X® 
Allsa Craig Y„ = 7.133 - 3.297X + 0.350X» 
"Number of calluses. 
^Length of the anther. 
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Table 13, Quadratic equations for tomato anther length (X) and 
diameter of anther derived callus 
Cultivar Equation 
L-680A Yd" = 0.016 - 4.961X + 0.979X=b 
Licato Yd = 3.048 - 1.420X + 0.365X= 
Ailsa Craig Yd = 0.420 - 2.609X + 0.730X® 
"Diameter of calluses in mm. 
•^Length of the anther. 
Once the anthers were plated in this study, they were placed under 
dark conditions instead of the 24 hours of light recommended by 
Gresshoff and Doy (14). According to them, the dark treatment would 
shift the optimum stage from late prophase I to tetrad stage. In our 
case, the optimum stage (early prophase I) did not change when dark or 
light conditions were compared. 
The results show that it is possible to obtain calluses at any 
stage of development, from the beginning of meiosis to the binucleate 
stage. It has been shown in other reports that anthers of fertile 
cultivars generated calluses at a very low frequency (<1%) and that the 
callusing occurred independent of anther size (30). This was not the 
result found in this study where three fertile tomato lines generated 
callus at at least 70% as in the case of L-680A when plated at the 
beginning of meiosis. 
The anther stage of development did not influence callus diameter 
per se. The interaction cultivar x anther length showed significant 
differences for both number and diameter of callus. The linear model 
showed L-680A was different from Licato and Ailsa Craig. Genotypic 
differences for callusing ability have been found not only in tomato 
but in other species as well (5, 11, 13). 
It is possible that the early excision at prophase I acts as a 
shock treatment that can alter subsequent meiotic behavior in favor of 
androgenic cells only. In wheat, haploid callus and, subsequently, 
haploid green plantlets can be obtained from anthers as early as the 
beginning of meiosis and even at Interphase (17). In the case of 
Triticum aestivum, for instance, Ethrel treated buds at premeiotic or 
early meiotic stages induce mitosis in normally nondividlng vegetative 
cells (2). In this case, Ethrel interferes with the synthesis of long 
lived messenger RNA produced in premeiotic interphase but not active 
until much later in microspore development (2). Ethylene production, 
on the other hand, can also be induced by factors such as wounding by 
anther excision or by auxin or growth regulator application (28), DBMj 
medium contains 2 mg/L of NAA as an auxin. It is interesting to note 
that the first division in the androgenic microspores usually start 
from the vegetative cell (18). The induction of pollen embryogenesis 
in anthers of Solanum carolinense was at least partially due to auxin 
induced ethylene production (26). 
Induction of embryogenic pollen grains takes place early in 
meiosis. During prophase of meiosis, the contact with the surrounding 
tissue of the pollen mother cells becomes severed (19). 
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In this experiment, no attempts were made to evaluate the 
premelotlc stage response since previous reports indicated no callus 
induction was observed for those stages (13, 14). In other experi­
ments, however, we plated anthers excised at premelotlc stages and some 
of the anthers produced calluses. 
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CONCLUSIONS 
Calluses from tomato anthers were induced from any stage of 
development from early prophase of meiosis to the blnucleate stage 
(microspores). The best stage for callus Induction was early prophase 
of meiosis which corresponds to an anther length of 1.6 mm. This was 
the optimum stage with regard to the production of both the number and 
diameter of calluses produce optimum responses at that stage. 
Genotypic differences and significant genotype x anther length 
interactions were observed for number and diameter of calluses. 
The association between stage of development and length is not 
clear cut because many stages can be present within the anthers of the 
same length. However, anther length is a good criterion for 
predicting Induction frequency. 
L-680A produced not only the highest number of calluses but the 
largest callus size. In contrast, Llcato and Ailsa Craig produced 
smaller numbers of slower growing callus. 
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ABSTRACT 
Five diploid tomato cultivars and their corresponding tetraploids 
were compared for the number and size of anther derived callus 
produced. Anthers were plated on DBMi medium (2) and evaluated after 
two months. No significant effects for callus number and size were 
found between the tomato cultivars' ploidy levels and their 
interaction. Anther callus production was high, 50-60%, for all 
treatments. 
Factors such as gene dosage, heterozygosity and sterility, common­
ly associated with polyploids, do not appear to significantly influence 
the development of anther derived callus in inbred lines of tomato. 
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INTRODUCTION 
It has been difficult to induce anther callus production in 
tomato, a diploid plant with 2 n = 24 (1). Numerous attempts to pro­
duce tomato anther callus have been made, but in almost every case, 
productivity has been extremely low and the efficiency of haploid/di-
haploid plant recovery has been minimal (7). In contrast, other 
species such as tobacco, wheat, potato, barley, and rice seem to 
produce haploid plants with relative ease. In these species, 
techniques have been refined to the extent that haploid/dihaploid 
plants are incorporated into breeding programs. Most of these species 
are polyploids and a link between levels of ploidy and embryogenesis 
has been suspected, either through gene dosage or heterozygosity. In 
Citrus. embryogenesis and polyploid levels have been shown to be 
positively correlated (14). When haploid cell lines (n = 24) derived 
from anthers of tetraploid L. esculentum were compared with those of 
haploid cell lines, (n = 12), derived from anthers of diploid L. 
esculentum, cells with n = 24 grew five times faster than the n = 12 
cells (13) in petunia, evaluation of hybrid lines, Fi hybrids, 
backcross progeny and unspecified genotypes (possibly highly 
heterozygous) show that heterozygous material appears to be a more 
suitable anther source for culture (3). It has also been observed that 
hypocotyls of tomato hybrids exhibit greater shooting capacity when 
compared to inbred lines (11). 
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It is also possible that polyploid species, where the chromosome 
number is increased contains sufficient gene duplication to mask 
recessive lethals that might otherwise restrict haploid growth in 
culture (5), 
Finally, there is increasing evidence that male sterility and 
anthers' culture response are related (4). The use of sterile mutants 
that block microsporegenesis at different stages, especially at the 
tetrad stage, was crucial in obtaining calli from tomato anthers when 
their fertile counterparts were unable to produce callus (15). Con­
sidering that tetraplold tomatoes have a relatively high sterility, it 
would be interesting to evaluate their callus ability formation under 
in vitro conditions. 
The objective of these experiments was to evaluate the effect of 
the level of ploidy, if any, on the level of callusing in tomato 
anthers. With this in mind, in the first experiment, a diploid, dihap-
loid, and an autotetraploid, all derived form the came cultivar, were 
compared for their ability to produce callus from anthers. The idea 
was to evaluate the individual heterozygosity from the commercial 
cultivar with the dihaploid and in turn the level of ploidy effect 
between the dihaploid and diploid with the tetraplold. In the second 
experiment, diploid and their corresponding tetraplold lines from four 
tomato cultivars were rated for anther callus production. Diploids 
and tetraploids were compared to determine if the sterility found in 
tetraploids could enhance the ability for callusing, as happens in the 
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tomato when the series of male sterile genes are used for anther callus 
production. The efficiency of each line was determined by evaluating 
the number of anthers producing calli and their mean diameter over a 
two month culture period. Also, calluses produced from the tip of the 
anther on somatic tissues were counted. 
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MATERIALS AND METHODS 
Experiment 1 
Representatives of diploid, dihaploid, and tetraploid San Marzano 
(Table 1) were planted in pots and randomly distributed on greenhouse 
benches. Plants were watered daily as needed and 300 ppm of a fer­
tilizer, 20-20-20 plus micronutrients (Peters Professional), was 
applied weekly. The plants were staked and slightly pruned. 
Table 1. Ploidy levels of San Marzano evaluated for anther callus 
production 
PI Ploidy Origin 
212438 Dihaploid USA - California 
212439 Autotetraploid USA - California 
303786 Diploid USA - California 
Ploidy levels were determined by examining the number of chromo­
somes present in anther cells that had been fixed in Farmer's Solution 
(75% glacial acetic acid + 25% [70% ethanol]) and stained with aceto 
orcein. Buds, 2-4 mm long, with anthers in late prophase I (1.5 - 2 
mm) were collected in March 1986. Tissues were sterilized in alcohol 
for 15-20 seconds followed by 5 minutes in (0.5%) sodium hypochlorite. 
Four rinses with sterile Type I water were provided to remove bleach 
residue. DBMi medium, pH 5.8 (2) containing 8 g/L of Noble agar was 
autoclaved 20 minutes at 121°C and 20 psi. 
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Five anthers per bud were excised and plated with their slits 
upwards. Petri dishes (Fisher 10 x 1.5 cm) containing 20 ml of the 
medium were used. Once the anthers were plated, the dishes were sealed 
with parafilm, wrapped with aluminum foil, and placed in a growth 
chamber (Rheem-Sherer) at 26®C =1.5. 
One month later, the dishes were unwrapped and exposed to a 16 hr 
photoperiod provided by cool white fluorescent lamps. After an addi­
tional month, the number and size of calluses were recorded using a 
stereoscopic microscope (Nikon SMZ - 10) with reticle. Two measures 
were taken across each callus in the Petri dish. Results are presented 
as the mean of the size of the callus thus taken. Only callus from the 
tip of the anthers were counted. The experimental unit was a random­
ized complete block, where the replications, 14 in total, were plated 
in time. The data were subjected to an analysis of variance. 
Significant treatment effects were separated using the LSD 0.05 test. 
Experiment 2 
The variables for this experiment were the number of calli per 
dish and the diameter of the calli. The diameter was taken using the 
average of 2 measures across each callus. The mean of the calli 
present in every dish as an experimental unit was then obtained. 
Measurements were done with a stereoscopic microscope (Nikon SMZ - 10) 
equipped with reticle. The experiment was set as a factorial in 
randomized complete-block design with 14 replications. Replications 
were plated in time. 
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For the second experiment, four diploid open pollinated tomato 
cultivars and their corresponding tetraploids (Table 2) were grown 
under the same conditions provided in experiment 1. In this case, 8 
plants per ploidy level were randomly assigned to 8 replications in 
the greenhouse. All other methods were applied as in experiment 1 
above. After two months, the number and size of the calli produced 
from the plated anthers were obtained and analyzed. 
Table 2. Tomato germplasm sources evaluated for anther callus pro­
duction 
PI Cultivar Type Origin 
270174 Break O'Day Diploid USA - Michigan 
212437 Break O'Day Tetraploid USA - Ohio 
270277 Ohio WR Globe Diploid USA - Ohio 
254661 Ohio WR Globe Tetraploid USA - Ohio 
270204 Pearson Diploid USA - Michigan 
212440 Pearson Tetraploid USA - California 
270211 Stokesdale Diploid USA - New York 
212434 Stokesdale Tetraploid USA - Ohio 
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RESULTS AND DISCUSSION 
The number and size of call! did not differ significantly among 
the diploid, dihaploid, and tetraploid representatives of San Marzano 
(Table 3). These results suggest that in the tomato, anther culture is 
not affected by the level of homozygosity, gene dosage, or sterility. 
Table 3. Analysis of variance for number and mean diameter from 
sporogenous tissue of tomato anthers and number of calli 
from the tip of the anther 
Callus Calli from 
Source of Number Mean Diameter the tip (Number) 
Variation df MS F- MS F" MS F» 
Replication (R) 13 1 .26 1 .24 2. ,15 1 .19 1 .47 1 ,75 
Treatment (T) 2 0 ,07 0 .07 0. 27 0 ,15 1, .14 1 ,76 
Error 26 1, 02 1 .24 1. 80 1, 19 0. ,84 1. ,76 
"F test significant at the 5%*, or 1% •* level. 
In Table 4, the means of the experiments are shown. It can be 
seen that the general average of calli was high with more than 60% of 
the anthers showing callus formation which compares favorably with 
results obtained with other varieties of tomato (2, 15). 
Averages for number and diameter of callus were similar between 
diploid and dihaploid indicating that whatever individual heterozygos­
ity was present in the diploid did not affect the results. Possibly 
hidden heterozygosity in normal tomato diploids is not a factor either 
because it is too small to have an effect or it is nonexistent, because 
the tomato is a highly autogamous species. 
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Comparisons between the autotetraploid with the diploid or the 
dihaploid show no differences for diameter or number of calli. As 
reported in tobacco, gene dosage is not a factor in androgenesis but 
genome constitution is (10). 
Table 4. Number and size of calli derived from anthers of diploid, 
dihaploid, and autotetraploid tomato plants in San Marzano 
Calli- Calli*' 
Types Number x/5 Mean Diameter (mm) Number 
Diploid 3.28 2.16 0.86 
Dihaploid 3.21 2.31 1.14 
Autotetraploid 3.14 2.43 0.57 
LSD 0.05 N.S. 2.30 0.85 
Coefficient of 
Variation % 31.40 58.40 106.60 
"Calli from the sporogenous tissue. 
"Calli from the somatic tissue of the anther (tip). 
In the second experiment, similar results were obtained (Table 5). 
There were no significant differences between cultivars for the number 
and size of the calli produced. Neither was there significance between 
ploidy levels or the interaction cultivar x ploidy. 
Table 5. Analysis of variance for number and diameter of calli 
Calli 
Source of Number Mean Diameter 
Variance df MS F- MS F» 
Replications (R) 15 1 .52 1. 20 1.48 2.26 
Cultivar (C) 3 0 .67 0. ,53 2.69 4.12** 
Ploidy (P) 1 0 .19 0. 15 0.01 0.02 
C x P 3 1 .03 0, 81 1.40 2.14 
Error 105 1 ,27 0.65 
"F test significant at the 5S5* level, or 1%** level. 
84 
Table 6. Anther callus number and size derived from diploid and 
tetraploid representatives of four tomato cultivars 
Tomato Callus Number" Callus Diameter ^(mm) 
Cultivar 2n 4n Mean 2n 4n Mean 
Break O'Day 2.75 3.12 2.94 1.85 1.96 1.90 
Pearson 2.94 3.19 3.06 2.38 2.74 2.56 
Stokesdale 2.68 2.81 2.75 2.15 2.22 2.18 
Ohio WR Globe 3.00 2.56 2.78 2.74 2.12 2.43 
LSD 0.05 N.S. 0.57 
Mean 2.84 2.92 2.28 2.26 
Coefficient of 
Variation (%) 39.05 35.68 
•Five anthers per dish. 
*Mean diameter of calluses in a dish. 
The cultivar Pearson had bigger calluses than Break O'Day. There 
was no difference between Pearson and the other cultivars or among 
Break O'Day and the others. 
The averages for number of calluses for cultivars were high in 
this experiment as in the first one, with percentages for both diploids 
and tetraploids up to 55%. No significant differences were found 
between ploidy levels or the interaction cultivar x ploidy (Table 5), 
According to these results, gene dosage did not play any role in 
the induction or growth of calli from tomato anthers as had been 
suggested (13). A similar situation was found in tobacco where ploidy 
levels were compared using ancestral diploid species and their 
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cytogenetic derivatives in tobacco. Chromosome doubling did not 
favorably affect anther culture. Only the genome constitution in 
tobacco appears to play an important role in pollen androgenesis (10). 
Sterility found in tetraploid cultivars did not influence the rate 
of callusing, in the present experiment. This could be due to the 
different levels of sterility shown by the tetraploids. It has been 
noticed that tetraploids derived from haploids of commercial lines are 
less sterile (6, 8, 9). 
In our study, the tetraploids were derived from comrsercial lines, 
and then would be expected to show little sterility. Thus, there 
probably was not enough sterility to affect anther callusing. It has 
been shown that even though there is sterility in tetraploids, they 
can be the most fruitful of the tetraploid in tomato plants, reflecting 
greater chromosome balance than the other types (12). Under greenhouse 
conditions, it was observed that the tetraploids used in this study 
produced malformed anthers and frequently aborted flowers prematurely 
without exception. 
Other types of sterility, which block specific meiotic steps, can 
alter the callusing ability of tomato anthers (15). According to our 
results, sterility resulting from other causes, or at least from 
chromosome balance, did not significantly effect callus induction. 
However, it may be important to check the effect of tetraploid 
sterility on the regeneration of callus from tomato anthers. Although 
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male sterile mutants did not have any effect on regeneration of callus 
from tomato (7, 15). 
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CONCLUSIONS 
According to the results obtained in the two experiments, the 
ploidy level, tetraploid vs diploids, at least for the five varieties 
tested, did not have influence on either the number of anthers with 
calli or the growth of these calli. Factors such as residual heterozy­
gosity and sterility of tetraploids also did not affect the callusing 
ability of tomato anther. The group of cultivars tested here show high 
callus production with no differences among them for number of 
calluses. 
These results referred to callus induction. In the future it 
would be important to determine whether ploidy levels affect regen­
eration of calluses. 
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ABSTRACT 
In two different experiments, the effects of tomato anther 
exposure to low and high temperatures were measured on the number and 
diameter of anther derived calluses. Anthers at the beginning of the 
meiosis were harvested from three cultivars and placed on DBHi medium 
(11). The low temperature treatments were 3°C, 11°C, 19°C, and 27°C. 
The high temperature treatments were 27°C, 31°C, and 35°C. The plated 
anthers were exposed to the different temperatures during 2, 4, 6, and 
0 days as control. After the treatments the anthers were moved to a 
growth chamber set at 27°C and allowed to develop for two months. 
Results showed that L-680A produced for both low and high temperatures 
a greater number of calluses, with larger diameters than either Licato 
or Ailsa Craig. Temperatures at 11°C decreased both the number and 
the size of the calluses. The temperatures of S^C and 27°C did not 
differ in their effects and produced the most calluses. The 35°C 
treatment decreased the number and size of the calluses as compared to 
27°C and 31°c. 
Time of exposure had a negative effect on both the number and size 
of the calluses. Six days of exposure at either low or high 
temperature decreased both traits. These results can be related to 
failures in the meiotic process which is strongly influenced by 
temperature and by the length of the treatment (15). 
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A significant interaction, cultivar x temperature, was found for 
either low or high temperatures. At low temperatures, the diameter of 
Ailsa Craig did not change. At high temperatures, the diameter of 
L-680A increased at 31°C and the number of cal11 decreased sharply at 
35°C. The interaction of cultivar x duration of exposure affected the 
size of the calluses in L-680A when exposed to low temperatures. For 
the other two cultivars there was no change. 
At high temperatures, the interaction of temperature x duration of 
exposure affected both number and diameter of calluses. At 35°C and 6 
days of duration, a significant decrease in both traits was found. 
The effect of the temperature treatments on the regeneration of the 
calluses was not clear. Apparently high temperatures can increase the 
rooting ability of the calluses and low temperatures may suppress it. 
More research is necessary on this aspect, because temperature can 
affect regeneration of the calluses (14). 
The general results do not show a strong influence of temperature 
pretreatments on callus induction from tomato anthers. Temperatures 
such as 3°C or 35°C, which have a 'shock' effect on certain species did 
not increase the number or diameter of the calluses as compared to 
27°C, which was the control. The interval between 27°C and 31°C should 
be explored taking into account its effect on callus growth at least 
for some cultivars. 
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INTRODUCTION 
Temperature stress pretreatment is a means of enhancing the 
production of pollen derived plants from cultured anthers. It is the 
most striking effect among physical treatments (21). In general, 
traumatic shocks promote induction of embryogenesis and increase the 
number of pollen grains that develop into embryoids (28). 
This effect was first reported by Nitsch and Norreel in Datura 
(25). The very same year, it was demonstrated in the tomato that, 
cold treatments increase the number of embryos obtained (5). 
In the case of barley, a 28-day treatment of the spikes at 4°C or 
14 days at 7°C leads to an increased yield of microspore derived 
calluses (14). In potato, a 20-day treatment at 6°C is recommended 
(36). In peonies, 7 days at 14°C (33), For tobacco, 12 days at 7-
8°C can be used (34). A 48 hour exposure to 3°C has been used to 
stimulate embryogenic development in tomato anthers. Duration of 
exposure and the optimum exposure temperature depends on many factors 
such as: species, plant growing conditions, plant age, type of plant, 
containers, and especially, developmental stage of the anther at har­
vest (9, 14, 31). With this many factors, many optimal combinations 
exist for each species or cultivar. However, some relationships appear 
common to many culture systems. Generally, the more developmentally 
advanced an anther is the shorter the duration of the treatment (32). 
Likewise, as the temperature becomes colder the duration of exposure 
f 
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required for a given effect,becomes shorter (3). Most of the evidence 
describing the effect of temperature on the embryogenic yield of 
cultured anthers was derived from members of the Solanaceae family 
(31); however, pretreatments involving temperature stress have been 
extended to many other species Including the cereals (3, 14, 37). 
Although no plants were regenerated, many embryos in the heart, 
torpedo, and cotyledonary stages were obtained in both L. esculentum 
and L. pimpinellifollum (5). 
In other studies, tomato anthers were treated at 4^0 for 24 hours 
and it was recorded that 70-90% of the anthers plated produced callus 
(18). The shock treatment can be applied in cereals to spikes, spike-
lets, or buds provided that no water comes into contact with the mater­
ial during the pretreatment period (8). For other species, good 
results may also be obtained if the treatments are applied to the 
anthers after placing them on culture medium (8, 33). There may be 
Instances when such a treatment after plating would be more convenient 
and a better use of time, since it avoids an intermediate preculture 
phase (8). 
Regarding the best stage of anther development for treatment, for 
almost all species. It is slightly before or after the first mitosis 
(30). Generally, temperature treatment stimulates the embryogenic 
response of treated microspores, but in some cases, the chilling 
treatment stimulates callus induction and plantlet regeneration (3, 
14). Although used less frequently, hot temperature shocks have also 
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been shown to stimulate the production of callus and plantlets. In 
Brassica campestris (16) and Hordeum vulgare (37), there is good 
response to short periods at 35°C or even higher temperatures. 
Anthers of pepper (Capsicum ammuum) also respond favorably to such high 
temperature treatments (8). 
Little research has been conducted on the mechanisms and function 
of cold pretreatment and viewpoints are diverse. Shock treatments 
could reduce the respiration rate of anthers and the associated con­
sumption of materials, prolonging the life span of the anther (3, 7, 
12, 31). Other authors suggest that chilling stimulates the first 
pollen mitosis to form identical nuclei instead of vegetative and 
generative nuclei (34). Finally, the destruction of an inhibitor has 
been also postulated (32). 
In this study, we wanted to determine the effect of low and high 
temperature exposure on the induction and diameter of calluses in three 
cultivars of the tomato. We also wished to determine the optimum 
duration of exposure. Finally, to evaluate regeneration, media were 
compared for the production of shoots from callus and the possible 
effect of temperatures upon their response. It has been shown that the 
incubation temperature of anthers influences the regenerative potential 
of pollen callus (32). 
Three experiments were conducted. In experiment 1, four tempera­
tures, arc, 11°C, 19°C, and 27°C were combined with four exposure 
periods, 2, 4, 6, and 0 as control. In experiment 2, three tempera­
97 
tures 27°C, 31°C, and 37°C were combined with the four exposure periods 
used in experiment 1. In experiment 3, regeneration of the calluses 
was attempted using two types of media, MS plus zeatin mixed isomers 
and lAA, which has given the best results so far from the point of 
shoot regeneration in calluses from tomato to anthers (38). Also we 
evaluated the effect of Thidiazuron a new strong cytokinin-like growth 
regulator (23) with reported good shoot Inducing effect in species such 
as Acer (17). 
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MATERIALS AND METHODS 
Experiment 1 
For this experiment, plants of three L-680A cultivars with high 
anther callusing ability, Licato and Ailsa Craig with low callusing, 
ability were grown under the greenhouse conditions at the Department of 
Horticulture at Iowa State University. During the summer of 1986, 
plants were potted, stalked, and watered when needed. A fertilizer 20-
20-20 plus microelements (Peters Professional) was applied weekly by 
liquid feeding at 300 ppm per pot rate and a light pruning was done 
periodically to keep the plants vegetative growth manageable. 
Flower buds were collected from young plants arranged at random 
on the greenhouse benches. L-680A and Ailsa Craig were represented by 
18 plants each. Previous experiments had shown that the cultivar, 
Licato, produced fewer inflorescences than did the other two cultivars. 
To assure adequate anther production, Licato was represented by 24 
plants. 
Floral buds were collected when anthers reached prophase I (1.5 -
1.8 mm, length approximately). Buds were immersed in 70% ethanol for 
15-20 seconds followed by 5 minutes in 0.5% sodium hypochlorite. Four 
rinses with dionized sterile water were provided to remove bleach 
residue. Five anthers were plated per a 6 x 1.5 cm Fisher petri dish. 
Each dish contained 10 ml of DBMi medium (11) plus 6 g/L of Noble agar. 
The medium was adjusted to pH 5.8 and then autoclaved for 20 minutes at 
99 
120°C and 20 psi. Once plated, the dishes were sealed with parafilm 
and wrapped with aluminum foil to provide a dark period. 
The wrapped dishes were then placed at random in refrigerated 
chambers (Bally, Case and Cooler) for the 3°C and 11°C treatments and 
in growth chambers (Rheem, Sherer) for the 19°C and 27°C treatments. 
Once the times of exposure (2, 4, 6 days) were given, the covered 
dishes were moved to a growth chamber (Rheem, Sherer) and exposed at 
27°C for 8 weeks. Dishes were exposed to 4 weeks of dark treatment 
followed by 4 weeks of 16 hour photoperiod. Cool white fluorescent 
lamps were utilized as the light source. 
The experiment was designed as a split-split-plot design, where 
the main plots were temperatures, the split plots were the treatment 
duration and the subplots were the cultivars. An analysis of variance 
(ANOVA) for both experiments was performed on data representing the 
number and diameter of calluses. Corrections for missing plots were 
calculated according to Cochran and Cox (4). 
Experiment 2 
Plant material for this study was the same as that used in 
experiment 1. Similar media formulations and anther plating procedures 
were observed. Once plated, the dishes were wrapped with aluminum foil 
to provide a dark period and were given three temperature treatments. 
The first treatment utilized a growth chamber (Rheem-Sherer) set at 
27°C ± 1.5, the second a gravity-convection oven (Precision GCA 
100 
Corporation) set at 31°C ± 2, and the third an oven (Fisher isotemp 
model 350) set at 35*C ± 1.5. 
The duration of exposure to high temperatures were 2, 4, 6, and 
control (0 days) after and the dishes were moved to a growth chamber 
(Rheem, Sherer) and treated as noted in experiment 1. The number and 
size of calluses were recorded using a stereoscopic microscope (Nikon 
AMZ-10) equipped with reticle. Experiment 2 was designed as a split-
split-plot where the main plots were temperatures, the split plots were 
treatment duration, and the subplots were cultivars. An analysis of 
variance for both experiments was performed on data representing the 
number and diameter of calluses. Corrections for missing values were 
calculated according to Cochran and Cox (4). 
Experiment 3 
Regeneration: Calluses obtained from experiments 1 and 2 were 
transferred to attempt regeneration using MS medium (24) plus 0.25 
mg/L of zeatin mixed isomers + 0.5 mg/L of lAA and 10 g/L of sucrose 
according to Zamir et al. (38) procedure. 8 g/L of Noble agar were 
added. The zeatin and lAA hormones were filter sterilized using a 
Cameo 3 mm HPLC nylon filter with 0.2 um pore size. The hormones were 
added when the temperature of the medium was approximately 50°C. 
Four calll from the control treatment were plated per dish (Fisher 
10 x 1.5 cm), and eight replications were distributed in the growth 
chamber as a completely randomized design. After a month, the calluses 
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were transferred to fresh medium for three consecutive transfers. 
Conditions in the growth chamber were 27°C of constant temperature and 
a photoperiod of 16 hours of light provided by cool white fluorescent 
lamps. 
For the second media, Thidiazuron (molecular weight = 220 g) was 
added to the MS medium before autoclaving plus 10 g/L sucrose and 
8 g/L of Noble agar. Three levels of Thidiazuron were evaluated: 
2 X 10-* M, 2 X 10-7 and 2 x 10"® M. 
Four calluses between 3-5 mm in diameter were plated per dish 
(Fisher 10 x 1.5 cm). The calluses were grouped in low temperature 
calluses, those obtained from 3°C and 11°C treatments, medium tempera­
ture (19°C and 27°C) and high temperature (31°C and 35°C). It must be 
noted that calluses from the low temperature treatments were approx­
imately one month older than those from the high temperature treat­
ments. The calluses were placed at an environment at 27°C ±1.5 and a 
16 hr photoperiod under cool white fluorescent light. The experimental 
units were distributed at random in the growth chamber as a factorial 
design in randomized blocks with different numbers of replications due 
to the cultivar differences in callus production (12 for L-680A and 
Ailsa Craig and 10 for Llcato). Three transfers were conducted every 
month to fresh medium. 
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RESULTS AND DISCUSSION 
Experiment 1 
As can be seen in Table 1, there were significant differences for 
temperatures, treatment deviation, and cultivars. In the case of 
temperature, 11°C was detrimental to callus induction. It produced the 
lowest number and smallest diameter of callus. There were no signifi­
cant differences between the 3°C and 27°C treatments for number and 
size of calluses, but the 3°C treatment produced significantly more and 
larger calli than did the 11°C treatment (Tables 2 and 3). The reason 
for the differences between 3°C and 11®C is not clear. In other 
studies, when tomato plants were held at 10-12.5°C, melosis appeared 
normal (13), but when plants are held at 6-7°C night and 7-8°C day, 
pollen quality degenerated after 5 to 7 days of treatment. Micro-
sporogenesis was unaffected when the cold treatment lasted for 3 days 
(22). These results seem to agree with our observations that 6 days of 
cold treatment decreased the number and size of calluses, perhaps 
because pollen quality was affected. No significant differences were 
noted when 0, 2, and 4 day treatment exposures were compared (Tables 4 
and 5). 
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Table 1. Analysis of variance for number and mean diameter (mm) of 
calluses from tomato anthers 
Callus 
Source of Number Mean diameter 
Variation df MS F" MS F" 
Replication (R) 17 20 ,05 10.50 4 .40 
Temperature (T) 3 6 ,54 3.42* 3 .28 2 ,98» 
Error a 51 1, 91 1.32 1 .102 1 ,67 
Treat. Duration 3 8 ,92 5.28»* 4 .53 5 ,96»» 
T X D 9 2, 74 1.62 1 ,43 1, 89 
Error b 204 1, 69 1.17 0 .76 
Cultivar (cv) 2 173, 32 120.36** 89 ,39 135, 61** 
T X cv 6 2. 37 1.65 1 ,60 2, 43* 
D X cv 6 1, 99 1.38 2, 72 4, 13** 
T X D X cv. 18 0. ,63 0.44 0, ,34 0, 51 
Error c 541" 1. 44 0 ,66 
"F test significantly at the or 1%** level. 
^df reduced from 544 to 541 due to missing data. 
Table 2. Cultivar and temperature treatment effects on the number of 
tomato anther callus produced 
Temperature°C" 
Cultivar 3 11 19 27 Mean" 
L-680A 3 ,85= 3.67 3.86 3.93 3.83 
Licato 2, 90 2.05 2.24 2.49 2.42 
Ailsa Craig 2, 69 2.50 2.48 2.54 2.66 
Mean* 3. ,15 2.74 2.86 2.99 
"Dunnett 0.05 = 0.48. 
•"Dunnett 0.05 = 0.19, cv% = 40.73. 
"Five anthers per dish. 
"^Dunnett 0.05 = 0.27, cv% = 13.6. 
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Table 3. Cultlvar and temperature effects on tomato anther callus 
diameter (mm) 
Temperature°C" 
Cultlvar 3 11 19 27 Mean'' 
L-680A 2.61 = 2 .15 2 .30 2 .61 2 .42 
Licato 1.83 1 .40 1 .50 1, .60 1 .58 
Ailsa Craig 1.30 1 ,37 1, .42 1 .36 1 .36 
Mean* 1.91 1 .64 1 .74 1 .86 
"Dunnett 0.05 = 0.35. 
*Dunnett 0.05 = 0.13, cv% = 45.41. 
=Five anthers per dish. 
^Dunnett 0.05 = 0.11, cv% = 16.95. 
L-680A had a greater number of calli than did Ailsa Craig or 
Licato. Also, L-680A showed bigger callus than the two other cultivars 
(Table 4 and 5). These genotypic differences have been found in the 
species where tissue culture has been used (11, 21). 
Table 4. Temperature treatment duration and cultlvar effects on 
production of tomato anther callus 
Exposure Time in Days" 
Cultlvar 0 2 4 6 Mean* 
L-680A 4.07° 3.79 3 .97 3 ,47 3 .83 
Licato 2.72 2.40 2. ,50 2, 05 2 .42 
Ailsa Craig 2.46 2.79 2 .60 2 ,37 2 .66 
Mean* 3.08 2.99 3 ,02 2 ,63 
•Dunnett 0.05 = 0.47. 
"Dunnett 0.05 = 0.19, cv% = 40.73. 
"Five anthers per dish. 
•^Dunnett 0,05 = 0.26, cv% = 25.58. 
105 
Table 5. Temperature treatment duration and cultivar effects on 
tomato anther callus diameter (mm) 
Exposure Time in Days" 
Cultivar 0 2 4 6 Mean* 
L-680A 2.80° 2 .31 2.55 2 .01 2 .42 
Licato 1.72 1 .51 1.55 1, .55 1. 58 
Ailsa Craig 1.30 1, .50 1.43 1, .22 1 .36 
Mean* 1.94 1, 77 1.84 1, 59 
•Dunnett 0.05 = 0.32. 
^Dunnett 0.05 = 0.13, cv% = 45.41. 
"Five anthers per dish. 
•^Dunnett 0.05 = 0.17, cv% = 28.15. 
Interactions : No significant interactions were found to affect 
the number of calluses produced among the main effects evaluated. How­
ever, significant interactions were present for callus diameter. Both 
temperature x cultivar and duration x cultivar effects were signifi­
cant. In the first case, L-680A and Licato produced reduced callus 
growth when 11°C treatments were compared to 3°C treatments, while 
Ailsa Craig showed no reduction in callus growth for any temperature. 
Significant decrease was observed in callus diameter when 2 and 6 
day exposure were compared with the control 0 days. Both Licato and 
Ailsa Craig produced similar callus diameter regardless of the duration 
of temperature exposure. The differential ability of certain tomato 
cultivars to go through microsporogenesis under low temperature 
conditions has been observed by different authors (2, 22, 27). This 
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can explain the responses of the cultivars, L-680A, which is well 
adapted to relatively high temperatures {22-28°C) in the tropics. On 
the contrary, Licato is grown in mild environments (18-24°C) for 
greenhouse cultivation in temperate regions, where temperatures are 
normally low. This adaptation to temperature would explain the 
cultivar differences in response to the low temperature treatments. 
These results are somewhat difficult to interpret. For most 
tomato cultivars, meiosis usually takes place at an optimum temperature 
of 18°C to 25°C (26). The fact that there were no differences between 
the 3°C and 27°C (control) temperature treatments for number and size 
of calluses does not necessarily mean a lack of response for the chill­
ing treatment. In this case, 27°C could in itself be a shock treat­
ment . 
Experiment 2 
Analysis of the data reveals that significant differences exist 
for temperature, treatment duration, cultivars, and the interactions of 
temperature x duration and temperature x cultivar (Table 6). 
Significantly fewer calluses were produced when cultivars were 
exposed to 35°C. No significant increase in callus number was noted 
when the temperature was increased from 27°C to 31°C (Table 7). 
Calluses derived from anthers exposed to 35°C treatments expressed a 
28% reduction in diameter when compared to the 27°C and 31°C treatments 
(Table 8). Callus number was significantly influenced by treatment 
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duration. For each additional 2 day exposure, 0.3 fewer callus were 
produced (Table 9). Callus diameter was less affected by 0, 2, and 4 
day treatments. However, high temperature exposure for 6 days reduced 
callus diameter by 18% (Table 10). 
L-680A produced significantly more calluses after high temperature 
exposure than did Licato or Ailsa Craig (Table 7). For callus 
diameter, each cultivar was significantly different. L-680A calluses 
were almost twice as large as calluses from Ailsa Craig (Table 8). 
Both Licato and Ailsa Craig produced fewer and smaller calluses as 
temperature became higher. However, L-680A contributed to the signif­
icant interaction by producing larger calluses when exposed to 31°C 
than when exposed to 27°C (Tables 7 and 8). 
Table 6. Analysis of variance for number and mean diameter of callus 
Callus 
Source of 
Variation df 
Number Mean diameter (mm) 
MS F~ MS F-
Replication (R) 17 10.51 2.58 7 .92 5. 58 
Temperature (T) 2 73.14 17.96** 22 .49 44. 97** 
Error A 34 4.07 3.27 1 .42 1. 51 
Treat. Duration (D) 3 24.56 20.99** 4, .38 4. 64** 
T X D 6 17.73 15.15** 5. 76 6. 11** 
Error B 153 1.17 0.93 0, .94 1. 34 
Cultivar (cv) 2 129.67 102.63** 79, .91 114. 01*» 
T X cv 4 4.33 3.42** 4. , 61 6. 58** 
D X cv 6 1.44 1.14 0, 29 0. 42 
T X D X cv. 12 1.14 0.90 0, 68 0. 97 
Error C 408 1.26 0. 70 
"*F test significant at the 5%* or 1%** level. 
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Sixty percent of the anthers plated produced calluses regardless 
of the temperature (27*C or 31°C) and treatment duration. Significant 
reductions in plating efficiencies were observed, however, when anthers 
were exposed to 35°C treatments for 4 to 6 days. 
Only 31% of the anthers produced callus when exposed to 35°C for 4 
days. Exposure to this temperature for an additional 2 days reduced 
the plating efficiency to 18%. Callus diameter was reduced by 36 and 
61%, respectively, in these two treatments (Tables 9 and 10). 
These results seem to agree with research on anther culture in 
Brassica where high temperature (35°C) incubation is necessary. High 
temperature for short periods of time are applied, generally one day 
(16). The same appears true for peppers where temperature exposure of 
more than 2 or 3 days are damaging (8). 
These results seem to confirm that conditions for the development 
of androgenic pollen are different from those required for the develop­
ment of normal pollen. In this case, higher temperatures induced 
bigger calluses at least in one of the cultivars, L-680A, as compared 
with cultivars Licato and Ailsa Craig. 
High temperatures may affect meiosis in the tomato. Species have 
shown that exposure to 40°C during 3 hour periods affected the 
microspore mother cells causing degeneration, especially at the later 
stages of meiosis (15, 30). Reduced humidity or tissue water loss 
could also be responsible for the poor results associated with high 
temperature exposure (18, 35). 
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In some crops, heat shocks are known to affect the meiotic process 
when applied during melosis even if applied for short times (6, 20). 
Table 7. Cultivar and temperature treatment effects on the number of 
tomato anther cal11 produced 
Temperature°C' 
Cultivar 27 31 35 Mean* 
L-680A 4.05° 4.24 2.67 3.65 
Licato 2.64 2.56 1.80 2.33 
Ailsa Craig 2.53 2.54 1.79 2.29 
Mean'* 3.07 3.11 2.09 
"Dunnett 0.05 = 0.53. 
"Dunnett 0.05 = 0.21, cv% = 40.75. 
®Five anthers per dish. 
diDunnett 0.05 = 0.38, cv% = 21.11. 
Table 8. Cultivar and temperature treatment effects on tomato anther 
callus diameter (mm) 
Temperature^C" 
Cultivar 27 31 35 Mean* 
L-680A 2.57° 3.03 1.89 2.50 
Licato 1.82 1.71 1,35 1.63 
Ailsa Craig 1.55 1.34 1,10 1.33 
Mean^ 1.98 2.02 1.45 
"Dunnett 0.05 = 0.37. 
*Dunnett 0.05 = 0.16, cv% = 46.05. 
°Flve anthers per dish. 
"^Dunnett 0.05 = 0.23, cv% = 18.93. 
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Table 9. Temperature and temperature 
production of tomato anther 
treatment 
callus 
duration effects on 
Exposure Time in Days 
Tempeature (°C) 0 2 4 6 Mean* 
27 3.18 
31 3.31 
35 3.13 
2.92 
3.05 
2.75 
3.17 
3.07 
1.57 
3.02 
3.01 
0.89 
3.07 
3.11 
2.09 
Mean* 3.21 2.91 2.60 2.31 
•Dunnett 0.05 = 0 45. 
^Dunnett 0.05 = 0.38, cvSS = 21.11. 
°Flve anthers per dish. 
^Dunnett 0.05 = 0.25, cv% = 22.64. 
Table 10. Temperature and temperature treatment duration effects on 
tomato anther callus diameter (mm) 
Exposure Time in Days" 
Temperature (°C) 0 2 4 6 Mean* 
27 1 .99° 1.96 2.02 1 .95 1 .98 
31 1 .95 1.96 2.14 2 .04 2 .02 
35 1 .86 1.89 1.26 0 ,77 1 .45 
Mean* 1.94 1.94 1.81 1.59 
•Dunnett 0.05 = 0.40. 
^Dunnett 0.05 = 0.23, cv% = 18.93. 
"Five anthers per dish. 
*Dunnett 0.05 = 0.22, cv% = 30.93. 
Experiment 3 
The calluses plated in medium MS plus zeatin + lAA did not 
regenerate shoots even after three transfers. The white-yellow 
Ill 
calluses obtained in the DBMi cailusing medium started turning to green 
or pale green after 2-3 weeks in the regeneration medium. By this 
time, rooting started in a portion of the calluses (2-3%), especially 
in Ai Isa Craig and Licato. Some calluses turned brown and they had to 
be discarded. 
At the end of the first transfer, meristematic-like areas were 
present in the surface of the calluses but no shoots occurred. The 
greening of the calluses continued although no further development was 
noticed. After the third transfer, the experiments were discarded. 
The rooting effect could be due to the higher proportion of anther 
to cytokinin present in the medium, which had this effect on the organ­
ogenesis of the calli (29). Also, the transfer from DBMi medium to MS 
is possibly influencing the results. According to this, in future 
experiments both media and hormone concentrations should be weighed, 
in order to establish a more favorable ratio for the shoot-root 
balance. 
In the medium supplied with Thidiazuron, no shoot regeneration was 
obtained either. The greening of the calluses started 3-4 weeks after 
the transfer to the regeneration medium especially in the treatment 2 x 
10~® M. In the case of 2 x icr? M and 2 x 10~® M, few calluses became 
green and many turned to brown with the result that by the third trans­
fer most of them had been discarded. In the first month after the 
transfer, rooting occurred in a proportion of the calluses from Licato 
and Ailsa Craig. Also, meristematic-like areas were present on the 
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surfaces of the green calluses. In Table 11, results are presented 
according to the effects of the temperatures. No statistical analysis 
was performed due to the low numbers of calluses with roots and to the 
differences in age among calluses. It can be seen that rooting was 
relatively high for Allsa Craig and Licato in the 31-35°C interval as 
compared to the 19-27*C and 4-ll°C intervals. 
Table 11. Effect of temperatures on rlzhogenesls In callus from tomato 
anthers" 
Cultivar 4-11 
Temperature °C 
19-27 31-35 
L-680A 
Licato 
Misa Craig 
Mean 
0.00" 
0.07 
0 .00  
0.02 
0 . 0 0  
0.05 
0.07 
0.04 
0 .00  
0 . 1 6  
0 . 2 2  
0.13 
"Mean from four calluses per dish and 12 replications for L-680A 
and Allsa Craig and ten for Licato. 
There was no rooting response in L-680A at any interval. These 
results, similar to the ones obtained with MS + zeatin + lAA show a 
response of the tomato anther callus to root regeneration instead of 
shoot production. This could indicate a possible habituation of the 
calluses to auxin even under the presence in the medium of substances 
with a strong cytokinin activity such as Thiadiazuron. It is possible 
that the high temperature treatment had affected the activity of the 
kinetin in the DBM» medium. It has been reported that maintaining in 
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vitro cultures at abnormally high temperatures reduces the efficacy of 
cytokinins and may enhance auxin activity (10). More research is 
necessary on the effect of temperature on anther callus regeneration in 
the case of the tomato anthers. This effect has been demonstrated in 
barley (14). To evaluate this aspect, it is necessary to have an 
efficient regeneration medium not yet available, at least for calluses 
produced on DBMi medium. 
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CONCLUSIONS 
Temperature treatments had an effect on the number and size of the 
calluses at least for the cultlvars tested in these experiments. 
Temperatures around 11°C decreased callus number and size when compared 
to 3°C and 27°C. The effect of low temperature was related to the 
duration of the exposure. Six days of cold treatment decreased the 
number and size of the calluses. 
Cultivars differed in both number and size of the callus. L-680A 
had the bigger and more numerous calluses and also the less adaptation 
to long temperature exposure. For the interval between 27°C and 35°C, 
in general, high temperatures (35°C) decreased number and size of the 
calluses. The effect of the temperature was related to the duration of 
the exposure. The callus obtained were fewer in number and lesser in 
size as exposure progressed, especially after four days. L-680A 
produced larger calluses when exposed to 31°C than when exposed to 
27°C. These results suggest that the induction of calluses from 
anthers of the tomato requires a higher temperature of incubation than 
that required by the plant as a crop. 
The chilling treatment had an effect that could not be 
distinguished from the control. Thus, it is of no practical importance 
except that it might possibly affect regeneration. This effect, 
however, was not clear in this experiment. Differences in rooting were 
found with different temperatures of incubation. More studies need to 
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be done to explain the effects observed in the interval from 27°C and 
31*C, which has some effect on callus growth of some cultivars. Also, 
it is important to remember that both high and low temperatures, by 
affecting the microspore mother cells, have an influence on the 
production of polyploid cells (6, 32). 
Shorter periods of exposure should be evaluated, too, for both 
high and low temperatures. Finally, the effect of temperature treat­
ments should be evaluated in the regeneration process. This can only 
be done when efficient regeneration protocols have been developed. 
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ABSTRACT 
Anthers from three tomato cultlvars, L-680A, Licato, and Ailsa 
Craig, were cultured on DBMa medium (9) to determine the effect of 
light or dark treatments on callus production. Also, to determine the 
optimum time for transferring to regeneration phase according to the 
number and size of the calluses. 
In the first experiment, 0, 2, 4, 6, and 8 weeks of dark 
treatment were given to anthers at the beginning of first meiosis to be 
followed by 8, 6, 4, 2, and 0 weeks of 16 hr of photoperiod provided 
by cool white fluorescent light. After 8 weeks, records showed signif­
icant differences for both number and size of the calluses among 
treatments and tomato cultivars. Six and 8 weeks of dark were the most 
favorable for the three varieties. No differences in the response 
slope were found among cultivars. The dark treatment decreased the 
browning of the calluses. 
In the second experiment, 10 weeks of continuous dark treatment 
were given to the anthers. Two weeks after plating, the anthers weekly 
data collection was begun. It was found that the longer the treatment 
period the greater the callus number and diameter became. A regression 
analysis failed to show differences in response slope among the three 
cultivars for number of calluses. Licato and Ailsa Craig tended to 
peak in size after 8-9 weeks and L-680A continued growing. Although 
the number and size of the calluses may increase further by more than 8 
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or 10 weeks, the quality and appearance decrease concomitantly. There­
fore, it seems that around 8 weeks is enough time for callus induction. 
Regeneration of the 2.5 month old calluses proceeded by placing them on 
MS revised medium (19) containing zeatin mixed isomers and lAA at 
different levels. As growth regulators, zeatin (mixed Isomers) and lAA 
were used. Among the different concentrations used, 1 mg/L of zeatin 
and 0.25 mg/L of lAA induced 5% of the L-680A callus to produce plant-
lets regenerated by both organogenesis and embryogenesis processes. 
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INTRODUCTION 
Both the duration and times of light application play an 
Important role in Inducing morphogenesis in tissue culture (18) 
although there is little evidence for the effects of light on anther 
culture (4). Generally, most publications merely mention that cultures 
were exposed to a particular light regime (20). It is usually recom­
mended that cultures should be incubated in the dark (5) until embryos 
or calluses appear. It seems that light is not necessarily required 
for the embryoid initiation (22). When light is used, the available 
data indicate that an alternating light-dark treatment with white 
light is superior to continuous photoperiod or monochromatic red light. 
Dark treated Datura showed an increase in both the percentage of 
embryoid production and the average numbers of embryoids per anther 
when transferred to white light. Continuous red or white light was 
inhibitory (20). However, for other species, such as rice, it was 
found essential to keep the anthers in darkness for the first 3 weeks 
before transferring to light. With this treatment good callus 
production was obtained (17, 18). 
For Nicotiana tabacum, dark treatments reduce callus and embryoids 
as compared to light (18, 22). For citrus, equal rates of embryogen-
esis have been obtained in either darkness or low light intensity (24). 
Light influences different factors that affect the induction of 
callus or shoots. Light influences the rate of cell division (7.8) and 
125 
the rate of endogenous ethylene evolution (12). In turn, ethylene may 
promote shoot and root formation (2). In the case of the tomato, there 
Is no generalized procedure for the production of both callus and 
shoots from anthers. Anthers have most often been incubated under 
artificial lighting, 2,000-20,000 lux, for light-dark periods of 12/12 
or 16/8 hours (14). In other experiments, a period of darkness, 4-8 
weeks, has been provided after the anthers were plated (9, 10). 
Regeneration of the calluses from tomato anthers has been 
accomplished using different concentrations of zeatin and lAA as 
growth regulators and Murashige and Skoog revised medium. Different 
authors have found these hormones effective for regeneration of 
calluses from tomato anthers (26, 27). 
It was noted in preliminary experiments that dark treatment was 
superior to light. It was also observed that calluses growing under a 
16 hr light period would brown earlier halting callus growth. It also 
had been noted that their formation was not a simultaneous event but 
that callus induction was nonsynchronous. Therefore, it became 
important to determine the optimum incubation period that would 
maximize callus number, size, and appearance. Regeneration was 
attempted using information that has been accumulated during the 
development of this work. The effect of zeatin and lAA was evaluated 
on the Tatchell and Binns (23) regeneration medium. 
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MATERIALS AND METHODS 
Experiment 1 
Three tomato cultivars, L-680A, Licato, and Ailsa Craig were grown 
in plastic pots (22 x 22 cm), using equal amounts of soil, perlite, and 
peat. The plants were cultivated under greenhouse conditions during 
September 1986. Plants were watered when necessary and fertilized with 
a 20-20-20 + microelements (Peters Professional) weekly. 300 ppm the 
fertilizer was applied per pot. Plants were stalked and pruned to keep 
them manageable. 
Buds containing anthers at early meiosis (1.5-1.8 mm) were 
sterilized by washing them for 15-20 seconds in 70% ethanol and then by 
immersion in 0.5% Na-hypochlorite for 5 minutes. Afterwards, 4 rinses 
with sterile Type I water were applied to remove the Na-hypochlorite. 
Anthers were immediately plated under aseptic conditions provided by a 
Bio-Safe cabinet. Each bud was dissected and five anthers were plated 
per dish (6 x 1.5 cm). Each dish was sealed with parafilm and wrapped 
in aluminum foil to provide a dark treatment. Each dish contained 10 
ml of DBMi medium plus kinetin (5 mg/L) and NAA (2 mg/L) (9). The pH 
of the medium was adjusted to 5.8 with 0.1 N NaOH. Noble agar (6 g/L 
was added and the media was autoclaved for 20 minutes at 121°C. 
Dishes were placed in a growth chamber (Rheem-Sherer) held at 
26°C ± 1.5°C. Light ranged from 130.0 micro E cm~® S~^ to 45.0 micro E 
cro~® S~^ top to bottom, respectively. 
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We had previously observed that this shelf to shelf variation of 
light Intensity did not influence callus number or diameter. The 0, 
2, 4, and 6 week dark treatments received 8, 6, 4, and 2 weeks of a 16 
hr photoperiod with cool white fluorescent lamps. The experiment was 
designed as a split-plot where the cultivars were assigned to the main 
plots while the dark/light treatments were assigned to the subplots. 
Analysis of variance and means were obtained. Missing values which 
arose due to contamination were estimated according to Steel and Torrie 
(21). Calluses were measured as the average of their equatorial and 
vertical axis. A stereoscopic microscope (Nikon SMZ-10) with reticle 
was used. 
Experiment 2 
Based on the results of experiment 1, a second experiment was 
designed to further evaluate the dark period duration required to 
obtain the greatest number and diameter of callus. We also wished to 
determine whether callus initiation and growth varied with time 
(weeks). Experiment 2 was initiated during January 1987, using the 
same tissue culture methods used in experiment 1. In this case, a new 
set of plants of the same three cultivars was used as flower bud 
source. 
The treatments were 2, 3, 4, 5, 6, 7,8, 9, and 10 weeks dark 
conditions. Each week after the second, a treatment was unwrapped and 
anthers with calluses were counted and measured. 
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Experiment 3 
Regeneration. The calluses which were obtained from experiment 2 
and a number of dishes in the same conditions were moved at the end of 
the 10 weeks into the regeneration media. The experiments were 
conducted. The first one was MSr (revised medium) according to 
Murashige and Skoog (16), plus zeatin (mixed isomers) and lAA at 
different levels (Table 1). Both hormones were filter sterilized and 
added to autoclaved media whose temperature had cooled to 50°C. Both 
hormones were dissolved according to Zamir et al. (27). 
Table 1. Levels of zeatin mixed isomers and lAA used for tomato 
anther callus regeneration 
Concentrations (mg/L) 
Hormones 12 3 
Zeatin (mixed isomers) 1.5 1.0 0.5 
Indole acetic acid 0.75 0.50 0.25 
Indole acetic acid 0.375 0.250 0.125 
In previous experiments, it was noticed that small calluses, less 
than 2-3 mm in diameter, did not react when transferred to regeneration 
medium and later died. In this study, five calluses, 3-5 mm in 
diameter, of each cultivar were plated in Fisher dishes (10 x 1.5 cm). 
The dishes contained 20 ml of medium. The parafilm sealed dished were 
placed in a Rheem-Sherer growth chamber set at 26°C ± 1.5°C. A photo-
period of 16 hours was provided by cool white fluorescent lamps (SHO). 
Two transfers were done each month. 
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In the second experiment for regeneration, the Tatchell and Binns 
medium (3C5ZR) was prepared according to the description of Sara 
Tatchell, Department of Biology, University of Pennsylvania, Philadel­
phia, PA 19104 (personal communication) (Table 2). Three levels of 
sucrose 10, 20, and 30 g/L were compared. Two transfers where done 
each month. 
For the first experiment of regeneration, the dishes (Fisher 10 x 
1.5 cm) were placed in randomized complete block design with 8, 5, and 
4 replications for L-680A, Ailsa Craig, and Licato, respectively. 
For the experiment with Tatchell's medium, 7, 4, and 4 replica 
tions were used for L-680A, Ailsa Craig, and Licato, respectively. 
Randomization was performed and treatments were placed in the growth 
chamber as a complete randomized block design. 
Table 2. Composition of Tatchell and Binns medium used for tomato 
anther callus regeneration 
Substance Concentration (ml) 
Water 780 ml 
MSr salts 100 ml 
Iron (MS) 5 ml 
MS phosphates 100 ml 
R3 vitamins" 1 ml 
Zeatin riboside* 1 ml 
lAA aspartate (IAAA)° 3 ml 
Noble agar 7,000 mg/L 
"R3 vitamins (lOOOX): 100 mg thiamine + 10 mg nicotinic acid + 50 
mg pyridoxine. 
"Dissolve 3.5 mg zeatin riboside in 10 ml HaO. 
^Dissolve 2.9 mg lAA aspartate in 10 ml HgO. 
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RESULTS AND DISCUSSION 
Experiment 1 
In experiment 1, a dark period duration significantly affected the 
number and size of callus (Table 3). In general, the longer the dark 
treatment, the greater the number and diameter of the callus produced 
(Tables 4 and 5). 
Table 3. Analysis of variance for number and diameter of calluses In 
anthers of tomato 
Callus 
Source of Number Mean Diameter (mm) 
Variation df MS F* MS F* 
Replication 17 4.44 2.43 1.30 1 .63 
Cultivar (C) 2 13.02 7.11** 14.77 18 .46** 
Error a 34 1.83 1.341 0.80 1 ,16 
Weeks (W) 4 48.43 34.59*» 14.00 20 .29** 
C X W 8 1.48 1.06 0.77 1, .12 
Error b** 204 1.40 0.69 
•F test significant at the 5** or 1%** level, 
^df reduced from 206 to 204 due to missing values. 
Table 4. Cultivar and dark-light treatment effects on production of 
tomato anther callus 
Weeks of Dark-Light Treatment* 
Cultivar 0 2 4 6 8 Mean* 
L-680A 1.78° 2.44 3.39 3.72 4.11 3.09 
Llcato 1.39 1.89 2.39 3.61 3.33 2.52 
Allsa Craig 1.29 1.67 2.22 2.78 3.89 2.37 
Mean* 1.48 2.00 2.67 3.37 3.78 
-LSD 0.05 = N.S. 
"LSD 0.05 = 0.41, cv% = 50.91. 
"Five anthers per dish. 
*LSD 0.05 = 0.45, cv% = 44.49. 
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Table 5. Cultlvar and dark-light treatment effects on tomato anther 
callus diameter (mm) 
Weeks of Dark-Light Treatment" 
Cultlvar 0 2 4 6 8 Mean* 
L-680A 1 .36= 1.50 2.14 2.67 2 .73 2.08 
Licato 1 .06 1.03 1.21 2.06 1 .92 1.46 
Ailsa Craig 0 .74 1.15 1.26 1.48 1 .95 1.32 
Mean* 1 .06 1.22 1.54 2.07 2 .21 
-LSD 0.05 = N.S. 
*LSD 0.05 = 0.27, cv% = 55.25. 
"Mean diameter of calluses in a dish. 
*LSD 0.05 = 0.27, cv% - 51.15. 
In most of our experiments, we have been using 4 weeks of dark 
treatment followed by 4 weeks of light. It is clear that both the size 
and number of callus are significantly lower for this treatment than 
for 8 weeks of dark treatment. L-680A produced more calluses and 
larger diameters than Licato or Ailsa Craig. When a regression analy­
sis was done, a linear model gave a low fit of R® = 0.33. The linear 
equations for number of callus for each cultlvar are presented in Table 
6 .  
No significant differences were found among cultivars regarding 
the slope for number of calluses, but there were differences for 
diameter. In this case, L-680A tended to enlarge more rapidly than 
Licato or Ailsa Craig, when exposed to dark treatments. 
Linear regression equations for diameter were obtained for each 
cultlvar (R® = 0.32). Equations are shown in Table 7. 
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Table 6. Linear regression equations for anther dark-light exposure 
and number of derived calluses 
Cultivar - Equation 
L-680A Y" = 1.900 + 0.297X* 
Licato Y = 1.400 + 0.280X 
Ailsa Craig Y = 1.095 + 0.318X 
"Number of calluses. 
•"Weeks of dark-light exposure. 
Table 7. Linear regression equations for anther dark-light exposure 
and diameter (mm) of derived calluses 
Cultivar Equation 
L-680A Y- = 1.299 + 0.196%^ 
Licato Y = 0.909 + 0.138X 
Ailsa Craig Y = 0.759 + 0.141X 
"Mean diameter of calluses. 
"Weeks of dark-light exposure. 
No significant differences were found for the interaction 
cultivar x treatment duration (Tables 6 and 7). 
Under 0 and 2 weeks of dark treatment, the calluses developed 
brown areas and yellow color. Color development was distinctly differ­
e n t  f r o m  c a l l u s  p r o d u c e d  w h e n  d a r k  c o n d i t i o n s  w e r e  l o n g e r  t h a n  4 - 6  
weeks. Here the calluses were transparent and white. These results 
confirm reports that light limits callus induction (7). 
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Experiment 2 
Results In experiment 2 confirm those found in experiment 1 (Table 
8). There was a continuous increase in both callus number and diameter 
with increased dark treatment. Maximum callus number was obtained 
after 10 weeks of dark exposure. However, no significant differences 
were found between 8 and 10 weeks (Tables 9 and 10). 
A significant increase in callus number occurred between the third 
and fourth weeks and between the sixth and seventh weeks of dark treat­
ment. Callus diameter Increased significantly between the seventh and 
eighth weeks. Cultivars differed significantly, L-680A produced more 
calluses and larger diameters than either Licato or Ailsa Craig. 
No interaction effect for cultivar x dark treatment duration was 
found for callus number (Table 9), however, it was highly significant 
for callus diameter (Table 10). The magnitude of these results were 
lower than those obtained in experiment 1. Variations in the rate of 
callus production may reflect the summation of environmental fluctua­
tions such as photoperlod, temperature, and moisture status that affect 
donor plants physiology (8). 
L-680A tended to increase in diameter with time and even after the 
ninth week there was significant growth. On the contrary, both Licato 
and Ailsa Craig produced their greatest diameter at the eighth and 
ninth weeks, respectively. Regression analysis presents a similar 
result for callus number among the cultivars. The linear model is 
significant with a R® = 0.57 for callus number and R® = 0.61 for callus 
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diameter. Also the interactions cultivar x time of exposure are 
significant for both traits (Table 11). The interaction shows L-680A 
with a different slope as compared to Licato and Ailsa Craig, which 
present a similar pattern of growth. These results show a difference 
in response, which is related to the ability of some cultivars to grow 
more vigorously than others when callus are evaluated. 
Table 8. Analysis of variance for number and diameter of callus in 
anthers of tomato 
Callus 
Source of Number Mean Diameter (mm) 
Variation df MS F* MS F" 
Replication 11 2.49 3.11 0.71 1.27 
Cultivar (C) 2 41.47 52.18* 14.23 25.41** 
Error a 22 0.43» 0.56 1.30 
Weeks (W) 8 35.92 44.90** 24.22 56.33** 
C X W 16 1.05 1.31 1.52 3.53** 
Error b 264 0.83» 0.43 
•F test significant at the 5** or 1%** level. 
*Error a and b were pooled because Error b > Error a. 
Table 9. Cultivar and dark treatment effects on production of tomato 
anther callus 
Weeks of Dark-Light Treatment* 
Cultivar 23456789 10 Mean" 
L-680A 0.42= 1.25 1 .75 2.33 3 .00 3. 58 3.75 3. 83 3. 92 2 .  65 
Licato 0.33 0.50 1 .00 1.08 1 .50 1. 83 2.17 2. 42 2. 58 1 .49 
Ailsa 
Craig 0.25 0.33 1 .33 1.50 1 .75 2. 17 2.25 2. 58 2. 92 1, .67 
Mean* 0.33 0.69 1 .36 1.64 2 .08 2. 53 2.72 2. 94 3. 14 
"LSD 0.05 = N.S. 
**LSD 0.05 = 0.18, cv% = 33.73 
"Five anthers per dish. 
*LSD 0.05 = 0.42, cv% = 47.13 
135 
Table 10. Cultlvar and dark treatment effects on production of tomato 
anther callus diameter (mm) 
Weeks of Dark-Light Treatment* 
Cultlvar 23456789 10 Mean* 
L-680A 0, 0
 
o
 
.48 0 .57 0 .86 1 .61 1 .75 2 .65 2 .82 3 .49 1 .60 
Licato 0. ,10 0 .21 0 .55 0 ,52 1 .00 0 .99 1 .93 1, .73 1 .76 0 .97 
Ailsa 
Craig 0. 07 0 .09 0, 76 0, ,59 1 .01 1 .31 1, 44 1, 77 1, 62 0, 96 
Mean* 0. 11 0 .26 0. 63 0, ,66 1, .21 1 .35 2. ,00 2. ,11 2. ,29 
-LSD 0.05 = N.S. 
"LSD 0.05 = 0.21, cv% = 63.54 
=Mean diameter of calluses in a dish. 
d^SD 0.05 = 0.31, cv% = 55.73 
Table 11. Analysis of variance for number and diameter of calluses for 
tomato anthers. Regression analysis 
Callus 
Number Mean Diameter (mm) 
df MS F» MS F» 
Cultlvar (C) 2 0.61 0.35 3.57 3.87* 
Weeks (W) 1 275.30 319.21** 185.67 402.45** 
C X W 2 10.00 5.80** 18.72 20.29** 
Error 318 0.86 0.46 
test significant at the 5%* or 1%** level. 
Equations are presented in Tables 12 and 13. Although there is a 
continuous Increase in both number and size of callus, in general, the 
results suggest that after 8 weeks of dark treatment the calluses are 
ready to be transferred to regeneration medium (9, 10), depending upon 
Source of 
Variation 
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the quality of the callus is taken into account. However, significant 
increases in the number of calli produced and the size of the calli can 
be achieved by waiting until after 8 weeks of dark treatment to 
transfer to regeneration media. Light suppression stimulated healthier 
appearance and callus growth. 
Table 12. Linear regression equations for anther dark exposure and 
number of derived calluses 
Cultivar Equation 
L-680A = -0.052 + 0.450%* 
Licato Y = -0.275 + 0.289X 
Ailsa Craig Y = -0.315 + 0.332X 
"Number of calluses. 
''Weeks under dark treatment exposure. 
Table 13. Linear regression equations for anther dark exposure and 
diameter (mm) of derived calluses 
Cultivar Equation 
L-680A Y" = -0.949 + 0.424%* 
Licato Y = -0.405 + 0.233X 
Ailsa Craig Y = -0.367 + 0.222X 
"Mean diameter of calluses (mm). 
*Weeks under dark treatment exposure. 
Although the anthers can continue growing after 9 or 10 weeks of 
dark treatment, browning occurs. Also, Increases in ploidy levels can 
be expected (13). 
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In callus derived from somatic tissue, light, even for short 
periods of time, reduces the amount of the DNA replication possibly by 
destroying the vitamin Big, and thus resulting in the inhibition of the 
synthesis nucleic acid precursor (25). Whether the decreased callus 
number observed in light treated dishes is associated with the lesser 
cell division is not known in this case. 
Experiment 3 
In previous studies we have observed that root formation occurs in 
low percentages on calluses growing on DBMi medium. On Allsa Craig and 
Licato, root formation may occur on callus aged 1.5-3 months. This 
could indicate that auxin is being endrogenously produced. Such a 
process has been reported in the literature (16). In previous 
regeneration experiments, high amounts of zeatin seemed to induce shoot 
production in L. esculentum and related species (26). When the Zamir 
et al. (27) medium was used there was strong root induction without any 
production of shoots due probably to the high auxin (lAA) content. 
Based on these results, it was decided to Increase cytokinin levels 
(zeatin) and decrease the auxin (lAA) levels. 
When the white transparent calluses obtained in experiment 2 (dark 
exposure) were transferred to regeneration media, callus growth resumed 
and rapid growth was observed 1-2 weeks later. By this time, most of 
the treatments had produced green callus. Two plantlets (5%) appeared 
in the treatment 1.0 mg/L of zeatin mixed isomers plus 0.125 mg/L of 
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lAA treatment within 2 weeks after the first transfer. One plantlet 
(2.5%) was obtained in the treatment 0.5 mg/L zeatln + 0.125 mg/L lAA. 
All plantlsts were derived from L-680A anthers. No regeneration was 
obtained from Licato or Ailsa Craig callus, although Ailsa Craig 
produced some calluses with deep green merlstematlc zones. Callus root 
induction was completely suppressed. No additional plantlets were 
obtained after 2 transfers and the experiment was discarded. It was 
observed that plantlet producing callus appeared transparent green in 
color while dark green callus was unproductive. Smaller size callus 
seemed to be more productive than larger callus. 
Plant development can be divided into two categories: organogenic 
and embryogenic types. The first starts as the result of typical 
organogenic processes developing from a leaf like structure into a 
shoot afterwards. The embryoid type presented two cotyledonary leaves 
and the merlstematlc bud and no roots were present for either type. 
Dao and Shamina (3) have reported that the plating of the anthers 
before tetrad stage result in callus formation only. According to 
these authors, embryoids are obtained only when anthers are plated 
after tetrad stage. After two transfers in the same hormonal combina­
tion with no shooting response, the plantlets were moved to the rooting 
medium of Tatchell and Binns (23). No roots were produced. Instead 
the embryoid-like types returned to callus growth. Plantlets did not 
root or grow beyond the second stage. It is possible that some type of 
dormancy is presented such as the described for Picea (11). The causes 
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are not understood. Due to this event, no ploldy determination was 
made. 
Callus from experiment 2 were also plated on Tatchell and Binns 
medium (23). Although no plantlets were produced, roots were initiated 
(Table 14). In general, higher concentration of sucrose was associated 
with greater root production. Low sugar concentration has been 
mentioned as an important factor in anther callus regeneration (14, 19, 
27). 
Table 14. Effect of sucrose concentration on rhizogenesis in callus 
derived from tomato anther 
Sucrose Concentration g/L" 
Cultivar 10 20 30 Mean 
L-680 2 .  5 2 .0 2. ,5 2. ,5 
Llcato 0 .  0 2. ,5 10. ,0 5. 0 
Ailsa Craig 11. 4 14. ,3 26. ,7 18, 4 
Mean 4. 6 7, .3 13. 1 
"In percentage of anthers with roots. 
It is possible that some of the effects of sucrose concentration 
are relatively direct while others represent a genetically determined 
response of the plant to a particular level of sugar concentration (1). 
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CONCLUSIONS 
It is apparent that dark treatments are better than light 
treatments in inducing tomato anther callus. The three cultivars 
chosen for this study seem to respond in a similar manner although the 
magnitudes of the response differ. All three cultivars tended to grow 
continuously with maximum callus number and diameter after dark treat­
ment. 
There was a steady increase in both callus number and size with 
increased duration of the dark treatments. The highly significant 
linear effects for times of exposure to dark treatment account for 57% 
and 62% of the total variation in number and diameter of callus, 
respectively. 
A regeneration media based on MS revised plus 1.0 mg/L zeatin 
(mixed isomers) and 0.25 mg/L lAA induced plantlets in 5% of the 
L-680A calluses plated. This treatment induced rapid callus greening 
and growth. 
It is important to continue evaluating the different 
relationships between lAA and zeatin as well as the continuous growth 
of the regenerated plantlets. Our results support a high zeatin-auxin 
concentration requirement for callus differentiation. 
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ABSTRACT 
Increasing the ratio of NOa/NHJ from 6.5:1 to 26:1 increased the 
number and diameter of call! derived from tomato anthers. When 
Nitrogen (NH+jgSO* was used as the sole nitrogen source the number and 
size of calluses decreased significantly due to its phytotoxic effects 
in amounts larger than 8 mM. On the contrary, maximum callus number 
and diameter were achieved when either KNO3 or KNO3 and (NHalsSO* were 
used as nitrogen sources. There was no interaction among varieties and 
NOg/NHî ratio. These results are similar to other studies on rice, 
tobacco, and Hordeum. Among the varieties, L-680A showed the maximum 
number and diameter of calluses. 
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INTRODUCTION 
From previous experiments, it was found that the best response to 
callusing was presented by the so called DBMi medium. This medium pre­
sents among other things, a relatively high nitrate/ammonium ratio. No 
specific studies for the tomato are presented in the literature but for 
other species high ratios of these compounds favor callusing and regen­
eration. 
Nitrogen in plants is absorbed either as nitrate or ammonium; 
however, species and varieties differ in their ability to absorb or 
assimilate different nitrogen sources (10). Plant tissues or cells 
cultured in the absence of nitrate, exhibit a lag in nitrogen uptake 
(1). Although ammonium ions are an important source of nitrogen, it 
has shown that the initiation and maintenance of tomato protoplast 
derived calli are critically dependent upon the absence of ammonium 
nitrate (14). The callusing of Hordeum and nice anthers also increased 
significantly when the level of ammonium was lowered tenfold (3). When 
NHÎ was the sole source of nitrogen in the media, the growth of 
cultured cells of tobacco and rice decreased (13). In plants, the 
phytotoxicity of ammonia is identified as the browning of root and leaf 
tissue. Plant growth is restricted as well (11). 
In liquid solution cultures, dry weights of lima bean samples were 
consistently higher when nitrates were 75% or more of the nitrogen 
source (11). In the field, high concentrations of (NH4)2S04 inhibit 
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pollen formation in rice, whether alone or in combination with KNOa 
(2). Soybean cell suspensions do not grow above 4mM (6). In tomato 
anther culture, the medium developed by Gresshoff and Doy (9) has had 
great success in callus induction. The formula for the major element 
component was developed originally by Gamborg and Eveleigh in 1968 (4). 
Later on Gamborg would improve it by increasing the level of nitrates 
up to 25 mM and lowering the concentration of ammonium to 1 mM (6, 7). 
This medium (85) has been tested successfully with a wide range of 
callus and suspension cultures (4). 
This experiment was designed to determine whether the amounts of 
NHî and the ratio of NOg/NHJ in the medium developed by Gresshoff and 
Doy (9) are optimized for tomato anther callus growth. This experiment 
also evaluates the genotypic response of tomato cultivars to the medium 
in terms of number and diameter of calli. 
MATERIALS AND METHODS 
For this experiment, three tomato cultivars L-680A, Licato, and 
Allsa Craig were chosen based on their callusing characteristics. 
L-6804 has a high callus production rate and the cultivars were dis­
tributed in complete randomized block design on the benches with 12 
plants/cv. and were watered when needed. Liquid fertilization was done 
every week using a 20-20-20 plus micronutrient commercial product 
(Peters Professional). Each pot received 300 ppm/wk. The plants were 
pruned periodically to manage vegetative growth and minimize competi­
tion among inflorescences. The experiment was conducted in March, 
1987. 
Buds 2-4 mm in length were harvested in enough quantities from 
each cultivar. They were then sterilized for 15-20 seconds in 70% 
ethanol followed by a 5 minute exposure 0.5% to sodium-hypochlorite and 
4 rinses with sterile Type I water. After dissection, five 1.8-mm 
anthers per flower per dish (Fisher 60 x 15 mm) were plated in a Bio-
Safe Corporation Laminar Flow Hood. The plated anthers were 
cytologically observed to be at early prophase of first meiosis. The 
basal medium used was DBMi (9) (Table 1) with different ratios of NOa" 
/NH3 which were obtained by changing the amounts of KNO3 and (NH4)aS04 
and balancing the amounts of K* required by adjusting the KCl levels. 
In one case, treatment 6, the NOg" level was obtained by replacing 
CaCl® with Ca(N03)a"4Ha0. In preliminary experiments, the replacement 
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of CafNOaiz 4H2O for CaClg as a means of increasing the amount of 
nitrates had a positive affect on callus induction from tomato anthers. 
SO; levels were not adjusted since its affects on callus induction are 
not significant (2), 
In this experiment, the total amount of nitrogen was kept 
constant. Treatment formulations for DBMi are listed in table 2. The 
media was adjusted to pH 5.8 with O.IN NaOH then Noble agar (7 g/L) was 
added to solidify the media. The treatments were autoclaved at 121°C 
and 20 psi for 20 minutes. 
Table 1. Composition of the basal media DBMj. 
Compound mg/L mM/L 
NaHePO. K2O 90.0 
NaaHPO. 30.0 
KCl 300.0 4.0 
(NH.)eSO. 200.0 1.5» 
MgSO.•7H2O 250.0 
KNOa 1000.0 10.0» 
KI 0.75 
CaCLe 2H2O 150.0 1.0 
-The ratio of KNOa/tNH.jgSO* is 6.5 mM. 
Once the media were prepared, the dishes were poured, plated, and 
sealed with parafilm and placed within one growth chamber (Rheem-
Sherer). The treatments were held in the dark for 30 days at 26^ 
151 
Table 2. DBMi treatment formulation in millimoles and mg/L 
KNO3 Ca(N0a)2 4H2O (NH.ieSO. NOa/NHï KCl 
Treat mM mg/L mM mg/L mM mg/L Ratio mM g/L 
1 11.50 1160.0 — 0 .0 0 ,00 11 .5: 0 2 .5 187 .5 
2 11.07 1120 .0 — 0, 43 57 .35 26 .0: 1 2 ,9 217 .5 
3 11.70 1180, .0 — 0 ,80 106 ,70 13 ,0: 1 3 ,3 47 .5 
4» 10.00 1000, ,0 — 1, .50 200, .00 6, 5: 1 4, 0 300, .0 
5 0.00 0, .0 — — 11, 50 1533, 30 0: 11 ,5 14, 0 1050, ,0 
6 9.00 910, 0 1.00» 236.0 1, 50 200. 00 6, 5: 1 5. 0 375. 0 
"Control. 
^Instead of CaClg 2HgO. 
1.5°C. For the next 30 days, treatments were exposed to a fluorescent 
white light for a 16 hr photoperiod while held at the same temperature. 
Within one growth chamber (Rheem-Sherer) treatments were distribu­
ted according to a split-plot design with 12 replications in time, 
where cultivars were assigned to main plots and media treatments were 
subplots. Means and ANOVA were obtained from the data. Variables 
were number of anthers with call! and diameter of calli taken as 
average of two measurements in cross. Comparisons were done with LSD 
0.05. Procedures for analysis were followed according to Steel and 
Torrie (12). 
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RESULTS AND DISCUSSION 
There were significant differences among treatments and cultivars 
(Table 3), 
Table 3. Analysis of variance for number and diameter of callus from 
tomato anthers 
Callus 
Source of Number Diameter 
Variation df MS F- MS F» 
Replication 11 2 ,83 1 .99 0, 97 1 ,64 
Cultivar (C) 2 66 .01 46 CO
 
CO
 f
 
f
 
8. 57 14. ,39""" 
Error a 22 1. 42 1, .73 0, .57 2 ,00 
Ratio (R) 5 7, .72 9 CO
 
CD
 i § 1, .71 5, 75*" 
C X R 10 1, 02 1, 25 0, 37 1, .23 
Error b 165 0, 82 0. 29 
"F test significant at the 5%* or 1%** level. 
All treatments produced significantly more and larger diameter of 
calli when compared to treatment 5 which had NHS as its only source of 
nitrogen. When the ratio KNOa/iNHal^SO. was increased from 6.5:1 up to 
26:1 there was an increase of approximately 25% in the number and 
diameter of calluses (Tables 4 and 5). 
No differences were found with the control (treatment 5) when 
CaCla was replaced by Ca(NOa) 4H2O as in treatment 6. No effect of the 
increase of nitrate in this case was noticed, neither was the decrease 
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in chlorine. The treatment with nitrate as the sole source of nitrogen 
had an elevated production of call! similar to the best treatment but 
not significantly different from the control (6.5:1 ratio). It was 
noticed that during the pH stabilization to 5.8, this treatment was 
difficult to set at that pH. Although plant tissue culture media are 
normally poorly buffered, the pH is stabilized to a certain extent when 
both nitrates and ammonium ions are together in the medium (8). 
Anthers from different cultivars produced significantly different 
callus growth (Tables 4 and 5). L-680A produced significantly more 
calli than did the other cultivars. The mean diameter of the callus 
produced was also significantly larger. These results show that 
differences among cultivars are not related to the NOg/NHJ amounts or 
relationships at least the ions used in this experiment. As can be 
seen in Tables 4 and 5, the interaction of cultivar X treatment was not 
significant showing similar trends for the cultivars with regard to 
nitrate/ammonium consumption. The negative effects of ammonium in 
tissue cultures has been attributed to the inhibition of some of the 
enzymes of the TCA cycle (6, 15). Tomato cells of this species are 
able to absorb larger quantities of nitrates as compared with other 
crops (13). In general, nitrate-nitrogen concentration may raise 
several percentage points before phytotoxicity is apparent (10). 
These results compare favorably with those obtained by Gamborg et al. 
(6) where the optimum ratio for the growth of soybean cells was found 
to be 25:1 KNO3/(NH^)aSO^. 
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Table 4. Cultivar and ratio KNOa/tNHaieSO* on production of tomato 
anther callus 
Ratio KNO=/(NH.)=SO.* (mm) 
Cultivar 11.5:0 26:1 13:1 6.5:1 0:11.5 6.5:1 Mean*» 
L-680A 3 .75° 3 .75 3 ,45 3 ,00 1, 75 3 .00 3 ,11 
Licato 1 ,50 1 .58 1, 25 1, 33 0 .92 1 .50 1 ,25 
Ailsa Craig 1, 75 1 .92 1, 83 1, 42 0, ,75 1, 83 1, 58 
Mean* 2. ,33 2 .  ,42 2. 17 1. 92 1. , 14 2. ,11 
"LSD 0.05 = N.S. 
"LSD 0.05 = 0.41, cv% = 24.18. 
"Five anthers per dish. 
^LSD 0.05 = 0.42, cv% = 45.00. 
Table 5. Cultivar and ratio KNOa/fNHaleSOa on tomato anther callus 
diameter (mm) 
Ratio KN0m/(NH4)2804" (mm) 
Cultivar 11.5:0 26:1 13:1 6.5:1 0:11.5 6.5:1 Mean^ 
L-680A 2 , 11 = 1.97 1.90 1.74 1.12 1.86 1.78 
Licato 1 ,10 1.49 1.34 0.86 0.75 1.10 1.10 
Ailsa Craig 1, 22 1.38 1.27 1.20 0.84 1.28 1.20 
Mean* 1, 50 1.63 1.52 1.31 0.94 1.42 
-LSD 0.05 = N.S. 
"LSD 0.05 = 0.27, cv% = 22.46. 
"Mean diameter of the callus in a dish. 
^LSD 0.05 = 0.25, cv% = 38.90. 
155 
CONCLUSIONS 
It seems possible to increase the number and size of tomato anther 
derived calli by regulating the ratio of NOg/NHJ. A ratio of 26:1 
KNOa/tNHaleSO* was shown to be the optimum in this study. It seems 
that tomato anthers preferentially absorb more nitrate than ammonium 
nitrogen to efficiently produce more and larger anther calli. Ammonium 
alone decreases the induction and growth of calli. The cultivar 
response to nitrate-ammonium was similar showing a uniform behavior at 
least for the ranges evaluated here. It is important to evaluate the 
effect of the nitrate ammonium rate on the regeneration of the obtained 
calli, and whether the total amounts of nitrogen should be increased or 
not as some research has indicated (5). 
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ABSTRACT 
Different mixtures of vitamins developed for tomato anther callus 
media were compared for callus induction and growth. Three cultivars 
of tomatoes were used L-680A, Licato, and Ailsa Craig. Anthers at 
stage of early prophase I of meiosis were plated in DMBi minor and 
major salts plus NAA and kinetin (2 and 5 mg/L, respectively). 
Significant differences were found among the vitamin mixtures for 
number and size (diameter) of calluses. Modified Ziv (MZ) gave the 
best results, although not significantly different than DMBa74 (7). 
Thiamine alone as in Linsmaier and Skoog (LS) (9) did not differ 
significantly from DMBi74 mixture (Gresshoff and Doy) indicating that 
this vitamin may be the only one needed for callus induction 
enhancement. This treatment, however, presented small calluses 
suggesting the need of more vitamins for increased growth. There was 
interaction cultivar x vitamin mixture where L-680A gave better 
response to DMBi74 than Licato and Ailsa Craig to this treatment. No 
interaction cultivar x vitamin mixture was found. 
L-680A gave a higher number and bigger calluses than Licato and 
Ailsa Craig. The use of filter sterilized vitamins such as thiamine-
HCl and pyridoxine-HCl offer good possibilities of increasing the 
number and growth of calluses once the optimum concentrations have been 
found. 
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No regeneration of shoots was possible when callus were removed 
into MS (revised) or DMBi major and minor salts plus zeatin and lAA. 
However, MS gave better results than DMBi regarding growth and greening 
of the calluses. Once an efficient medium for regeneration had been 
obtained, the effect of vitamins on regeneration had to be evaluated. 
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INTRODUCTION 
Vitamins are needed by plant cells to perform certain essential 
catalytic roles in metabolism. The vitamins most frequently used in 
plant tissue culture media are thiamine (Bi), nicotinic acid, and 
pyridoxine (Be) (5). In some cases folic acid and biotin are used (6). 
Although vitamins may be synthesized in suboptimum quantities by the 
tissue itself (20), only thiamine may be required (14). This vitamin 
is involved in cellular division and differentiation (9, 19). It may 
also interact with kinetin (9). In soybean suspension cultures, 
growth stops unless thiamine is added to the medium (3). In tobacco 
tissue culture, when a group of vitamins was tested thiamine accounted 
for the full effect of all four vitamins tested (9). When thiamine 
was filter sterilized higher yields of calluses with healthier 
appearance were obtained (9). 
Both nicotinic acid and pyridoxine may enhance growth (4). 
Nicotinic acid is involved in cellular division (19) and differentia­
tion (11). Pyridoxine has been found to promote the growth of excised 
tomato roots (13). Folic acid and biotin may enhance growth (7, 12). 
In anther culture, nearly every worker uses a different 
comoination of vitamins with no real understanding of why they were 
chosen or whether their effects are significant (17). In general, most 
vitamin mixtures are based on Murashige and Skoog formulation (2). 
However, there is no evidence that these compounds are actually 
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necessary for microspore callus/embryo Induction and growth (2). Other 
authors have found that certain B vitamins (B*, B«) can Increase the 
number of asexual embryos In culture (12). For culture of the tomato 
microspores, vitamin formulation by Nitsch and Nitsch has been used (1) 
and those reported by Sharp et al. (15). In the case of tomato anther 
culture, different mixtures of vitamins have been used with varied 
degrees of success. Murashige and Skoog's vitamin formulation has been 
used by different authors (21, 22). Gresshoff and Doy (6, 7) developed 
their own formulation and Ziv et al. also utilized their formula (no 
concentrations given) with great success as a component of their medium 
to obtain dlhaplold plants from tomato anthers. For this experiment, a 
group of vitamin mixtures were selected from successful studies on 
callus induction or regeneration in the tomato. The objective of this 
study was to evaluate the effects of each vitamin formulation on the 
induction and growth of calluses derived from tomato anthers to improve 
the DBM» medium developed by Gresshoff and Doy (6). We had previously 
shown this was the best media in our studies for tomato anther callus 
induction. We were also interested in determining whether vitamin 
formulation and tomato cultlvar interact to enhance performance. 
For this study we evaluated vitamin formulations previously used 
by Nitsch and Nitsch (12), Murashige and Skoog (11), Linsmeier and 
Skoog (9), and Gresshoff and Doy 1972, 1974 (6, 7). Also, based on the 
results obtained by Ziv et al. (23), a filter sterilized treatment 
(thlamlne-HCl plus pyridoxine-HCl) was added to the group. The 
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concentrations were based on those given by Murashige and Skoog for 
both vitamins (11). It was considered that low amounts were advisable 
given the elimination of the autoclaving step. 
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MATERIALS AND METHODS 
Plants of three tomato cultlvars, L-680A, Hcato, and Ailsa Crai^ 
were planted In pots and grown under greenhouse conditions at the 
Department of Horticulture at Iowa State University. Pots were placed 
at random on greenhouse benches. Each pot was watered when needed and 
liquid fertilized with 300 ppm/pot of a 20-20-20 plus microelements 
formulation in liquid form. The plants were stalked and pruned 
periodically. 
During March 1987, two 4-nm buds were collected. Anthers at this 
stage are usually at the beginning of first prophase of meiosis. Whole 
buds were sterilized in ethanol (70%) followed by a 5 minute immersion 
in sodium hypochlorite (0.5%) solution. Then, four rinses with 
sterilized type 1 water were given. Five anthers were plated per dish 
(Fisher, 6 x 1.5 cm) containing 10 ml of DMBi medium according to 
Gresshoff and Doy (6) and the vitamin treatment (Table 1). All vitamin 
formulations were dissolved in dionized water in concentrated form 
(lOOOX). Then they were added to the medium (except for the thiamine-
HCl pyridoxine-HCl treatment) before stabilizing the pH to 5.8 using 
O.IN NaOH. All the vitamin formulations were added before autoclaving 
except for the filtered vitamin treatment. In this treatment, a Cameo 
3mm HPLC nylon filter with 0.2 uM pore size was used to add the mixture 
when the medium's temperature was below 60°C. 
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Table 1. Vitamin mixtures tested for tomato anther culture callus 
production 
Vitamin Mixture Formulation* mg/L 
Vitamin NN MSee LS DBMi72 DMBi74 MZ 
Thiamine-HCl 0 ,50 0, , 10 4.00 1, .00 10 ,00 0 .10 
Pyridoxine-HCl 0, 50 0. 50 0, 10 1, .00 0, 50 
Nicotinic acid 5, 00 0, 50 0 ,10 1 .00 
Biotin 0, 05 2, 00 
Folic acid 0. ,50 
Myo-Inositol 100, ,00 100. 00 100.00 10, 00 100 ,00 o
 
o
 
,00 
•NN. after Nitsch and Nitsch (12), MSoz after Murashige and Skoog 
(11). LS after Linsmaier and Skoog (9). DMBi72 after Gresshoff and 
Doy (6). DBMi74 after Gresshoff and Doy (7). MZ(modified Ziv) filter 
sterilized, after Ziv et al. (23). 
Once the anthers were plated, the dishes were sealed with parafilm 
and wrapped with aluminum foil. Wrapped plates were placed in a growth 
chamber (Rheem Sherer) at 26°C ± 1.5. After 4 weeks, the dishes were 
unwrapped and exposed to a 16 hr photoperiod for an additional 4 weeks. 
At the end of 8 weeks, data on the number of anthers with callus and 
callus diameter were counted and measured using a stereoscopic micro­
scope Nikon SMZ-10 equipped with reticle. 
The experiment was designed as a split plot with 12 replications. 
The cultivars were assigned to the main plots and the vitamin mixture 
treatments to the subplots. The results were subjected to an analysis 
of variance. Corrections for missing values were done after Steel and 
Torrie (16). 
Three months after plating, calluses 3-5 mm in diameter were 
transferred onto regeneration media. For this experiment, two 
regeneration media were used: 1) DBMi (7), 10 g/L sucrose, 0.25mg/L 
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zeatin mixed isomers, and 0.5 mg/L lAA plus 8 g/L of Noble agar and 
2) MS revised (11) with the same hormone formulation and sucrose 
concentrations used in DBMi. Four calluses were transferred to each 
petri dish with the regeneration media according to the vitamin mixture 
where they were produced. The dishes contained 20 ml of the respective 
media. The treatments with 4 replications were distributed in the 
growth chamber as a factorial in randomized complete block design. A 
constant temperature of 26°C ± 1.5°C was provided along with a 16 hr 
photoperiod with cool white fluorescent lamps. Transfers were done 
every month for two consecutive times. 
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RESULTS AND DISCUSSION 
Both the number and diameter of calluses were influenced by the 
vitamin mixture treatments (Table 2). 
The analysis of variance for number and diameter of callus among 
Î 
cultivars showed significant differences between L-680A with a high 
callus production (82%) and Licato and Ailsa Craig with 60% anthers 
with calluses (Tables 3 and 4). 
There were significant differences among vitamin formulations 
regarding number of calluses (Table 3). The DBMa74 vitamin mixture was 
superior to DBMi72 but not to LS or MSea. Good results were obtained 
with MZ although they did not differ from DBMi74. The poorest results 
were obtained with NN vitamins. Results of vitamins on the diameter of 
calluses (Table 4) were similar to those with number of calluses, 
however, DBMa74 did not Improve the size of the calluses where 
compared to DBMi72. With the NN vitamin treatment, the diameter of the 
calluses was reduced 21% compared to the MZ (filtered). The LS treat­
ment seems to stimulate callus induction but retards callus growth, 
indicating the need for another vitamin or vitamins to enhance callus 
development. The DBMi74 treatment, which is a rich and strong mixture, 
showed a similar effect when compared to MZ which has only 2 vitamins 
but is filter sterilized, or to MSea which is not filter sterilized. 
Because vitamin mixtures were evaluated as such, variations in 
performance based on the presence or absence of a vitamin or a specific 
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vitamin concentration cannot be made. However, it seems that a simple 
medium based on a few vitamins may be more efficient than a more com­
plex one. Looking at the results obtained with LS and MZ, it is 
apparent that thiamine or just a few vitamins are necessary for callus 
induction. These results seem to confirm reports that the only vitamin 
needed for callus induction is thiamine (9, 14). 
Table 2. Analysis of variance for number and diameter of callus from 
tomato anthers 
Calluses 
Source of Number Mean Diameter 
Variation df MS F- MS F" 
Replication 11 1 .69 1 .61 0, 74 2 .96 
Cultivar (C) 2 27 .78 26 ,51** 8, ,39 33 ,64** 
Error a 22 1 ,05 1, .77 0, 25 2 .27 
Vitamin Mixtures (V) 5 31, .33 52 ,20** 0. 54 4 ,90** 
C X V 10 1, 06 1, .77 0. 28 2 ,54** 
Error b 163* 0, .60 0. 11 
"F test significant at the 5%*, or 1%** level. 
•"Reduced from 165 to 163 due to missing values. 
Table 3. Cultivar and vitamin mixture effects on production of tomato 
anther callus 
Vitamin Mixture" 
Cultivar NN MSea LS DBMi72 DMBi74 MZ Mean^ 
L-680A 4 .00° 4. ,17 4, .33 3 .50 4, .33 4, .25 4, .10 
Licato 2 .75 2. ,92 3 .33 2 .50 2 .92 3 .67 3 .01 
Ailsa Craig 2 ,08 3, 17 3. 08 2. 48 3, .52 3, .83 3 ,03 
Mean* 2 ,94 3, .42 3, .58 2 .93 3, .59 3 ,92 
"Dunnett 0.05 = 0.75. 
•"Dunnett 0.05 = 0.35, cv% = 30.29. 
=Five anthers per dish. 
*Dunnett 0.05 = 0.40, cv% = 22.76. 
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Table 4. Cultiver and vitamin mixture effects on tomato anther callus 
diameter (mm) 
Vitamin Mixture" 
Vitamin NN MSea LS DBMi72 DMBa74 MZ Mean^ 
L-680A 1 .41 = 1 .59 1 .53 1 .85 2 .17 1 .96 1 ,74 
Licato 1, 10 1 .12 1 .12 1 .14 1 .08 1 .37 1 ,15 
Ailsa Craig 1. ,05 1, 23 1 ,09 1, 17 1, , 14 1 ,21 1. ,15 
Mean* 1, 19 1, 31 1, 25 1, 38 1, 45 1, 51 
"Dunnett 0.05 = 0.29. 
"Dunnett 0.05 = 0.17, cv% = 37.03. 
=Five anthers per dish. 
•^Dunnett 0.05 = 0.18, cv% = 24.90. 
For callus growth, at least those from tomato anthers, thiamine 
alone was not enough and apparently more vitamins such as pyridoxins 
HCl are needed. Both effects, induction and growth of the calluses, 
cannot be separated from a possible influence of the sterilization by 
filtration. It has been reported that higher yields and healthier 
appearance of the calluses are obtained when certain vitamins are 
filtered, especially thiamine-HCl (9). Generally, the addition of 
vitamins to culture media before sterilization by heating is not advis­
able. Filter sterilization is recommended (18). 
On the other hand, it is also possible that the elimination of 
Nicotinic acid from the MZ formulation had influenced positively the 
results. It has been shown that the amounts and mixtures of some 
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vitamins may lower or at least exert little effect on callus growth 
(5). This has been reported in tobacco and other species (2, 9, 11). 
There was no significant interaction vitamin mixture x cultivar 
for number of calluses, indicating that for this trait the cultivars 
behave similarly (Table 3). However, there were significant callus 
diameter differences for this interaction. In this case, the line 
L-680A responded positively to DBMa74 while Licato and Ailsa Craig 
produced smaller calli for this treatment (Table 4). The significant 
interaction vitamin mixture x cultivar on diameter of calluses may be 
related to differences in endogenous content of vitamins which have 
been reported in tobacco (5). In the tomato tissues, there are differ­
ences in levels of vitamins depending on the cultivar (10). 
Regeneration: No shoot regeneration was obtained in any vitamin 
formulation treatment. Some rooting started at the end of the first 
transfer, especially in MS revised medium. Calluses plated on MS 
turned green and grew faster than those in DBMi. Also, the frequency 
of meristematic-like spots was more abundant and well defined. This 
rapid growth and healthy appearance may be related to the higher salt 
concentration when compared to DBMi. This effect has been reported 
previously (8). No differences in size or color were noticed among the 
calluses depending on their vitamin mixture origin. 
It is difficult to mention differences among treatments in part 
because of the low number of replications utilized in these 
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experiments. The cultivars were discarded after the second transfer 
due to lack of shoot regeneration. 
In general, these results show that the vitamin mixture component 
in the medium has an important influence on callus induction and growth 
at least in the case of calluses derived from tomato anthers. New 
% 
experiments would indicate the most appropriate combination of vita­
mins, concentration, and mode of addition either before or after auto-
claving for the optimization of callus induction in tomato anthers. 
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CONCLUSIONS 
Vitamins play an important role in tomato anther callus Induction. 
Simpler mixtures of vitamins seem as efficient or even superior to more 
complex ones. Thiamine-HCl alone (LS formulation) was enough to induce 
a significantly large number of calluses. Both thiamine-HCl and 
pyridoxine-HCl may be required to stimulate callus enlargement. 
Apparently, autoclaving may significantly reduce the effectiveness of 
vitamin components. Similar results were observed for filter 
sterilized treatment and autoclaved treatments even though the 
autoclaved treatments contained up to lOOX more thiamin. The diameter 
of the calluses may be affected by the vitamin mixture used in the 
medium depending on the cultivar. 
Given these results, it seems important to evaluate different 
concentrations of thiamine-HCl and pyridoxine-HCl to determine optimum 
concentrations for each. 
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ABSTRACT 
Anther callus frequency and diameter were compared across five 
carbohydrate treatments for three tomato cultlvars: L-680A, Llcato, 
and Ailsa Craig. 
Maltose levels of 10, 20, or 30 gm/L or 10 gm/L maltose plus 10 
gm/L sucrose were added to the DBMi basal media (4) solidified with 6 
gm/L Noble agar. Anthers exposed to these treatments were compared to 
those placed on DBMi control media containing 20 gm/1 sucrose. The 
number and size of callus differed significantly between Licato and 
both L-680A and Ailsa Craig. Licato produced 41% less callus with 11-
32% smaller diameter than the other two cultivars. No significant 
interaction between cultivars and carbohydrates was observed. 
Carbohydrate treatments were significantly different in the number of 
callus produced. The three treatments, 30 gm/L maltose, 20 gm/L 
sucrose, and 10 gm/L maltose + 10 gm/L sucrose, did not differ signifi­
cantly. 
These three treatments each produced significantly more callus per 
dish than did the 10 gm/L and 20 gm/L maltose treatments. 
179 
INTRODUCTION 
Carbohydrates serve as both a carbon source and as an osmotic 
stabilizer in tissue culture media (1, 6). Generally, sucrose has 
been widely used as a satisfactory carbohydrate source in tissue 
culture media (17). Sucrose has been shown to be absolutely necessary 
for most species (10). Glucose has also been used as a carbon source 
in culture media (11). In the tomato, both sugars have been used as a 
source of carbon for anther culture studies (4). 
It has been shown that the source of carbohydrates is one of the 
factors involved in the androgenetic response of microspores (5, 10, 
16). In tobacco, anthers cultivated on a medium without sucrose failed 
to undergo embryogenesis (9). It has also been shown that the 
efficiency of nitrate and ammonium ions may depend on sucrose concen­
tration. There is a beneficial effect of high nitrogen levels if 
sucrose concentration is increased (2). The effect of cytokinins may 
be dependent on the sugar availability. Interaction has been noticed 
between glucose and 2ip on the induction of cell division in cultivars 
of apical cells of Caratodon purpureus (3). In the petunia, a species 
where the embryogenic response is low (7), it was demonstrated that 
media containing maltose (0.167 M) produced more embryos than media 
containing lactose, sucrose, glucose + fructose, and fructose + 
galactose (13). In the mulberry, the growth of shoots from nondormant 
buds was also promoted by maltose (11). 
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For comparisons between carbohydrates, the criteria has been the 
most rapid growth of unorganized callus or suspension-cultured cells. 
For this purpose 2-4% is usually optimal (3). In the case of the 
tomato, anther culture levels of 1%, 2%, (4, 18) and 4% (14) have been 
found to be the most appropriate depending on the media. 
The tomato has been a reluctant species for both callus induction 
and regeneration. Based on the promising results obtained by Raquin 
(13) in petunia, we wished to determine whether tomato cultivars differ 
in their response to anther culture media containing different levels 
of maltose or sucrose. In addition, we wished to determine whether 
maltose would stimulate tomato anther callus production when compared 
to sucrose. 
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MATERIALS AND METHODS 
Three cultivars of tomato, L-680A, Licato, and Ailsa Craig were 
chosen according to their ability to produce callus from anthers. In 
general, L-680A produced high numbers of callus from anthers and low 
amounts from Licato and Ailsa Craig. Twelve plants of each cultivar 
were grown in pots under greenhouse conditions of the Department of 
Horticulture at Iowa State University. The experiment was conducted 
during the month of November 1986. 
The plants were fertilized using a 20-20-20 plus micronutrients 
(Peters Professional) in doses of 300 ppm/pot/week. The plants were 
stalked and periodically pruned. Buds (2-4 ram length) containing 
anthers at the beginning of prophase I (1.5-2 mm) were harvested for 
plating. The buds were sterilized by immersion in 70% ethanol for 
15-20 seconds, followed by 0.5% sodium hypochlorite for 5 minutes. 
Four rinses with sterile Type I water were given and the plating was 
done immediately afterwards. 
Five anthers per bud were plated in sterile petri dishes (Fisher 6 
X 1.5 cm) containing 10 ml of the DBMi medium. The dishes were then 
sealed with parafilm and wrapped in aluminum foil. This would provide 
a dark environment for the next 4 weeks in the growth chamber (Rheem-
Sherer). Temperature was held at 26°C ± 1.5°C. Once the dark 
treatment was completed the dishes were unwrapped and exposed to a 16 
hr photo period of cool white fluorescent light for 1 month at the same 
temperature. 
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The carbohydrate treatments were chosen according to previous 
results reported in the literature (1, 6, 13) where doses of 20 gm/L 
and 30 gm/L have been used. A treatment of 10 gm/L of maltose was 
selected taking into account the higher molecular weight of this sugar 
as compared with sucrose, 360 gm vs 340 gm, respectively. Results 
indicating that lower sugar content in the media may have a positive 
effect on callus formation and regeneration (18) were considered when 
making the selection. 
A combined treatment of 10 gm/L of maltose plus 10 gm/L of sucrose 
was included to see if some complementary action between the two was 
possible, while keeping the total amount of sugar close to 20 gm/L. 
This amount has been indicated as favorable for tomato callus induction 
and regeneration (4, 18). 
Sucrose in doses of 20 gm/L as recommended by Gresshoff and Doy 
(4) for callusing in anthers of the tomato was used as a control. 
Once the carbohydrates were added to the liquid medium the pH was set 
at 5.8 using O.IN NaOH. Then Noble agar was added and the media was 
autoclaved at 121°C and 20 psi for 20 minutes. 
The treatments were distributed according to the split-plot design 
with 12 replications done in time. The cultivars were assigned to the 
main plots and the carbohydrate treatments to the split-plots. The 
design was selected because it increases the precision in the subplots, 
while facilitating the distribution of the dishes in the growth 
chamber, thus eliminating some variation that may occur in the shelves 
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of the growth chamber. The experimental units were the dishes and the 
variables were the number and diameter of the calli produced. At the 
end of the experiment (8 weeks after the plating of the anthers) 
anthers with calli were counted per dish and the diameter of each was 
measured using a stereoscopic microscope (Nikon SMZ-10) equipped with 
reticle. Significant treatment effects were separated using the LSD 
test (15). 
Regeneration: Four 5-mm callus 3 months old from each 
carbohydrate treatment were placed in a 10 x 1.5 cm Petri dish. A 
medium band in MSieez (8) plus 10 g/L of sucrose and 8 g/L of Noble 
agar was used. As a growth regulator, Thiodiazuron, a cytokinin-like 
compound, was added before autoclaving at doses 10~® mM, lOr? mM, and 
lOr* mM. The dishes were placed in a growth chamber (Rheem-Sherer) 
under a 16 hr photoperiod provided by cool white fluorescent lamps. 
Temperature was kept at 29°± 1.5°C. Transfers were made each month for 
two times. 
The dishes were distributed in a randomized complete block design 
with 8 replications for L-680A and 4 for Ailsa Craig and Licato. 
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RESULTS AND DISCUSSION 
Significant cultivar differences were observed for the number and 
diameter of callus produced from tomato anthers (Table 1). 
Table 1. Analysis of variance table for the effect of carbohydrate 
source and concentration on the number and diameter of calli 
produced from tomato anthers 
Callus 
Source of Number Diameter (mm) 
Variation df MS F» MS F» 
Replication 11 1 .70 1.21 0 .96 1 .17 
Cultivar (C) 2 18 .05 12.82"" 5 .08 6 .21"" 
Error a 22 1 .41 0 .82 1, 41 
Carbohydrate (S) 4 32 .06 26.63"" 1 .26 1. ,93 
C X S 8 1 .95 1.62 0 .22 0. ,34 
Error b 132 1 .20 0 .65 
®F test significant at the 5%"" or 1%' level. 
Both cultivars, L-680A and Ailsa Craig, produced more and larger 
calli than did Licato (Table 2). 
The analysis of variance (Table 1) suggests there were differences 
among carbohydrate treatments for callus number and diameter (Tables 2 
and 3). Treatments 3, 4, and 5 (30 gm/L maltose, 10 + 10 gm/L sucrose 
+ maltose, and 20 gl/L sucrose) did not differ significantly. Although 
maltose did not surpass sucrose, this study suggests that maltose may 
be substituted in DBMi medium at the levels cited without negative 
results. However, when equal amounts of maltose and sucrose were 
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compared, sucrose treatments produced more anther callus. Effects on 
callus diameter were less pronounced. Maltose levels of 10 g/L 
significantly retarded callus growth (Tables 2 and 3). 
When concentrations of carbohydrates are compared for each 
cultivar, it can be seen that in the case of L-680A, the best response 
for number of calluses was with those supplied with either 30.0 g/L of 
maltose or 20 g/L of sucrose. For Licato, results were similar among 
treatments, maltose 30.0 g/L, maltose + sucrose 10.0 + 10.0 g/L and 
sucrose 20.0. Ailsa Craig showed similar response for number of calli 
at 20.0 g/L, 30.0 g/L of maltose, 20.0 g/L of sucrose and maltose + 
sucrose 10.0 + 10.0 g/L (Table 2). 
In the case of mean diameter of calli, L-680A presented the lowest 
diameter when plated on medium with 10.0 g/L of maltose. There were no 
differences among the rest of the treatments. Similar results were 
observed for Licato and Ailsa Craig (Table 3). 
There was no significant interaction between tomato cultivars and 
carbohydrates and they showed a similar trend regarding the concentra­
tions (Tables 2 and 3). 
For the tomato, the use of glucose instead of sucrose has been 
suggested for anther culture (4). No other carbohydrates have been 
found so far to induce callus formation as efficiently. In the tomato, 
the sucrose concentration in the medium is correlated apparently with 
the percentage of anthers with callus formation (14). In our results 
there is an apparent increase as the doses of maltose increase. 
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Table 2. Cultivar and effect of concentration and source of 
carbohydrates on production of tomato anther callus 
Carbohydrate and Concentration g/L" 
Sucrose + 
Maltose Maltose Maltose Maltose Sucrose 
Cultivar 10.0 20.0 30.0 (10 + 10) 20.0 Mean* 
L-680A 0 ,42= 2 ,17 3 ,08 2 .07 2 ,00 1.47 
Licato 0 ,33 0 ,67 1, 92 2 ,17 2. ,00 1.47 
Ailsa Craig 0 ,75 2, 58 2 ,67 3 ,00 2, 83 2.39 
Mean* 0. 50 1, 80 2, 55 2. 61 2, 78 
"LSD 0.05 = N.S. 
*LSD 0.05 = 0.45, cv% = 25.88. 
"Five anthers per dish. 
^LSD 0.05 = 0.51, cv% = 53.53. 
Table 3. Cultivar and effect of concentration and source of 
carbohydrates on tomato anther callus diameter (mm) 
Carbohydrate and Concentration g/L" 
Sucrose + 
Maltose Maltose Maltose Maltose Sucrose 
Cultivar 10.0 20.0 30.0 (10 + 10) 20.0 Mean* 
L-680A 1 .10° 1 .94 2 .09 1 .83 2 .06 1 .82 
Licato 0 ,87 1 ,14 1 ,42 1 .37 1 ,43 1 ,24 
Ailsa Craig 1 ,00 1 ,61 1 ,26 1 .57 1, 47 1, .38 
Mean* 1 ,03 1 ,63 1 ,60 1 ,59 1, 65 
"LSD 0.05 = N.S. 
*LSD 0.05 = 0.34, cv% = 25.96 
=Mean diameter of calluses in a dish. 
^LSD 0.05 = 0.38, cv% = 51.92 
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Sucrose has been found to support callus formation In tomato 
anthers at concentrations of 10 to 20 g/L. The extent of the response 
to sucrose concentration In tomato anthers depends on the genotype 
(18). our results, however, show that the genotypes responded similar­
ly to maltose concentration. In other crops such as rice though, the 
kind and concentration of sugars are not essential factors for callus 
Induction from anthers (12). In cell suspension of soybeans, the 
ability to use different carbohydrates and concentrations was related 
to the variety (6). The better results of maltose 30 g/L as compared 
with 10 and 20 g/L point out the possibility of using even higher doses 
in order to obtain more response to callus induction. 
Although the results show that maltose can be substituted for 
sucrose at appropriate rates with little negative effect, subsequent 
culture and regeneration may reveal hidden effects. Within the first 
weeks, more root production, although in very low percentage, was noted 
on maltose treatments than on sucrose alone. 
The calli obtained were transferred to a regeneration medium: 
after one month, callus exposed to maltose or maltose plus sucrose 
produced more rhizogenesis (up to 40%) than those exposed only to 
sucrose (1% approximately). No shoot regeneration was obtained at any 
doses. 10~® mM produced the best results in terms of greening and 
longevity. It appears that the selection of carbohydrate source and 
concentration can significantly affect the production of tomato anther 
callus and may dictate the developmental morphogenetic pathway to be 
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activated. Carbohydrate levels in culture media which results in good 
callus growth may not be optimal for morphogenesis and other levels may 
be more effective (3). The apparent increase in root formation may 
indicate the need to alter the balance of cytokinins-auxin in the 
medium used for callus induction. Although these results are 
preliminary, they show that, as suggested by Raquin (13), there is the 
need to avoid systematic Insistence on the utilization of sucrose or 
glucose as the only sources of carbohydrates for anther culture. 
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CONCLUSIONS 
From this experiment it is concluded that maltose could not 
substitute directly for sucrose in anther culture media without reduced 
callus growth. However, when the level of maltose was raised to 30 g/L 
or used in mixtures with sucrose, growth similar to the control was 
induced. Although no rooting occurred in the control treatment, 20 g/L 
of sucrose, some (very low) occurred in treatments containing maltose 
after 4 weeks. 
It is necessary to evaluate the effect of maltose at higher doses 
as well as in the regeneration process. These results indicate the 
possibility of using sugars other than sucrose and glucose for callus 
induction in tomato anthers. 
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ABSTRACT 
Anthers from three tomato cultivars were plated on DBMi medium (8, 
9) solidified with one of four different agars to evaluate the 
Induction and growth of callus. Bactoagar, Gelrite, Noble agar, and 
Phytoagar were compared at four dosage levels representing a range of 
soft to hard media support. In a final experiment, the best 
concentration of each agar was compared to an agarless liquid control. 
Within each experiment, agar concentration affected callus number but 
not callus growth. In our study, the highest agar concentration giving 
the firmest support decreased the number of calluses. Genotypic 
effects were significant for each experiment. L-680A produced the most 
callus in the final experiment. When the best agar concentrations were 
evaluated together, there were still significant differences among the 
treatments. Both the number and diameter of calluses were affected by 
the type of agar and the anther genotype. Significant interactions 
were also found between tomato cultivars and type of agar. Noble agar 
produced good results with L-680A and Ailsa Craig but not with Licato. 
Both Gelrite and Phytoagar stimulated uniform positive response for the 
three tomato cultivars. The liquid treatment did not improve the 
induction frequency or diameter of calluses. However, the interaction 
effect showed that, for Licato, both the liquid treatment and Gelrite 
performed the same. The lowest response among all five treatments was 
shown by Difco Bactoagar. Media solidified to an intermediate rather 
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than hard state produced callus which appeared healthier than callus 
grown on liquid or hard media. 
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INTRODUCTION 
Agars are used to prepare solid or semisolid plant tissue culture 
media. Solid media provides a fixed anchorage that determines polarity 
and vertical growth for plant tissue (6). Agar media offers oppor­
tunities for study of growth control in cultured organs which are not 
available with liquid systems (14). Other advantages of using agars 
are (A) gels are stable at all feasible incubation temperatures, (B) 
gels are not digested by plant enzymes, and (C) agars do not react with 
media constituents (7). There are negative effects too; it has been 
shown that agars contain inhibitory substances for pollen embryo pro­
duction. In the case of Nicotiana tabacum, a liquid medium was signifi­
cantly better than any solidified agar medium (10). When a sugar other 
than sucrose is used, the agar in the solid medium may immobilize the 
enzyme invertase released by cultured tissues. This can result in 
lowered uptake of carbohydrate by those tissues (14). 
There are differences among agar brands, especially for mineral 
content. Elements such as Ca*+, K*. and Na"^ vary significantly. 
Generally, the higher the agar concentration, the higher the amounts 
of elements (4). Agar concentration affects other physical properties 
of the media such as conductivity, water relations (5, 14) and hardness 
(4). 
Agar concentrations for tissue culture media have ranged from less 
than 0.3% to 1.5% (4, 7, 12, 15) depending on the type. Results have 
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shown an effect not only on growth but in morphogenic responses. In 
tobacco, shoot forming calluses had more negative water potential than 
nonshoot forming calluses (18). Agar concentrations may affect the 
amount of available water and nutrients that the tissue receives. 
In agar solidified medium, the water potential can be low; if so, the 
proline content of the tissue may increase, inducing water stress. It 
has been recommended that agar concentrations be kept at 1% to provide 
a suitably moist but rigid medium. Agar concentration may need to be 
changed depending on the preparation, the salt content, and the pH of 
the media (13). 
For tomato anther culture, the commonly used agar has been Difco 
Bacto in concentrations of 7 g/L or more generally 8 g/L (1, 2, 8, 9. 
20). However, no evaluation has been made on the effect of type 
(brand) or concentration on the success of tomato anther culture. 
During the course of previous experiments, it has been noticed 
that, although DBMi medium plus 6-8 g/L of Noble agar yields are 
acceptable number of callus from tomato anthers, their growth is slow 
and the callus turns brown. In a preliminary experiment, it was found 
that Noble agar had a negative effect on callus induction when used at 
high concentrations (10 g/L and 12 g/L). Agar type and concentration 
may have an effect on slow growing calluses (13). After having 
evaluated other possible factors involved in callus induction and 
growth, we wished to know to what extent the type and concentration of 
agar were involved in the anther callus response. We also wondered 
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whether a cultlvar response was involved. This work was divided into 
two parts due to logistics. In the first study, the agars were 
evaluated separately across a range of concentrations for their ability 
to produce large numbers of healthy looking callus and to support rapid 
increases in callus diameter. In the second study, the best 
concentrations of each agar type were compared using the same cultivars 
evaluated in the first study. 
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MATERIALS AND METHODS 
Three tomato cultivars, L-680A, Licato, and Ailsa Craig were grown 
under greenhouse conditions at the Department of Horticulture, Iowa 
State University. The experiments were conducted from February to 
April of 1987. The plants were grown in 2-gallon plastic pots and 
distributed randomly within a greenhouse. Plants were watered as 
needed. Three hundred ppm per pot of a 20-20-20 water soluble 
fertilizer containing microelements was applied as a liquid weekly. 
The agars to be evaluated were Noble, Bacto, Phytagar, and 
Gelrite (Table 1). Agar concentrations were chosen based on 
recommendations by the producers, literature review, hardiness, and 
appearance. The last two characteristics were assessed in preliminary 
tests using different agar concentrations and DBMi medium. Media pH 
was set at 5.8 with 0.1 N NaOH before adding the agars. Each medium 
was autoclaved at 121°C and 18 psi for 18 minutes. Each media 
combination was treated equally, however. The phytagar evaluation had 
to be repeated in March due to heavy contamination. This time, 
Phytagar was autoclaved for 20 minutes. Flower buds were harvested 
when 2-4 mm long, the shorter ones for Ailsa Craig and the longer for 
Licato. Anthers were 1.5-1.8 mm long. Each anther contained pollen 
mother cells at the beginning of prophase I. The buds were sterilized 
with 70% ethanol for 15-20 seconds, followed by 0.5% Na-Hypochlorite 
for 5 minutes. Buds were rinsed four times with sterilized Type I 
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water. Five anthers per bud were plated per dish (6 x 1.5 cm). Each 
dish contained 10 ml of the medium. The dishes were wrapped with 
parafilm and placed in the dark in the growth chamber (Rheem-Sherer) at 
26° ± 1.5°C for 4 weeks. After their dark treatment, each plate was 
exposed to 4 weeks of cool white fluorescent light provided 16 hr per 
day. 
Table 1. Agar type, brands, and concentrations used for evaluating 
callus induction and growth from tomato anthers 
Concentrations. g/L 
Individual Experiments Number of 
Agar Brand 12 3 4 replications 
Bactoagar Difco 4 .0 6 .0 8 ,0 10 .4 12 
Phytoagar Gibco 3 .0 5, .0 7, .0 9 .0 13 
Noble Difco 4 .0 6 ,0 8, .0 10 .0 11 
Gelrite Kelko 1 .0 2, .0 3, 0 4 ,  0 12 
The experiments were developed as a split plot design where the 
main plots were the tomato cultivars and the agar concentrations the 
split plots. At the end of the 8 weeks, the dishes were analyzed 
through a stereoscopic microscope (Nikon SMZ-10) equipped with a 
reticle. The number of anthers with calluses and the diameter of them 
were recorded. Callus diameter was obtained by taking the mean of the 
polar and equatorial diameters. Means and an analysis of variance were 
obtained from the results. Missing values were calculated according to 
Steel and Torrie (17). 
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Once all of the agars were evaluated, the best concentration of 
each was selected on the basis of mean performance and/or significance 
for number and size of calluses. Appearance and quality of the 
calluses were taken into account as well. In the second study, only the 
agar concentrations and autoclaving time were changes. Autoclaving 
times were increased from 18 to 20 minutes. 
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RESULTS AND DISCUSSION 
Noble Agar: Significant results were found for the number of 
callus, but not for callus diameter (Table 2). The treatment with 10 
g/L produced significantly less calluses than the 4 g/L or 6 g/L treat­
ments. The 8 and 10 g/L treatments were not significantly different 
(Table 3). 
No significance for the cultivar x concentration interaction was 
found (Table 3 and 4). In general, both L-680A and Ailsa Craig 
responded well to Noble agar. In terms of appearance, low 
concentrations (4.0 and 6.0 g/L) gave calluses with healthy appearance, 
white or transparent in the case of L-680A and yellowish for Licato and 
Ailsa Craig. 
Table 2. Noble agar concentration effects for number and diameter of 
tomato anther callus 
Callus 
Source of Number Mean Diameter 
Variation df MS F» MS P-
Replication 10 1.58 0 .85 0 ,78 1 .30 
Cultivar (C) 2 51.96 28 .08** 12 ,99 21 .65"* 
Error a 20 1.85 1, 62 0, 60 1 ,27 
Agar 
Concentration (A) 3 5.75 5, o
 1 1 0, 30 0 ,64 
A X C 6 1.34 1, 17 0, .24 0, 64 
Error b 90 0. 47 
"F test significant at the 5%*or 1%** level. 
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Table 3. Tomato cultivar and Noble agar concentration effects on 
number of anther derived callus 
Concentration" g/L 
Cultivars 4. ,0 6 .0 8 .0 10.0 Mean* 
L-680A 4, , 18= 4. ,36 3 .73 3.09 3.84 
Licato 1, 91 1, 91 1, 27 1.64 1.68 
Ailsa Craig 3. ,36 3, 18 3 ,27 2.09 2.98 
Mean** 3. 15 3, 15 2. 76 2.27 
"Dunnett 0.05: M.S. 
"Dunnett 0.05: 0.59, cv% = 48.05. 
°Five anthers per dish. 
•^Dunnett 0.05: 0.55, cv% = 37.61. 
Table 4. Tomato cultivar and Noble agar concentration effects on 
tomato anther callus diameter (mm) 
Concentration" g/L 
Cultivars 4 .0 6 .0 8 .0 10.0 Mean^ 
L-680A 2 .  10° 2. ,67 2. ,48 10.0 2.38 
Licato 1 .  38 1, 27 2, 25 1.21 1.29 
Ailsa Craig 1, 58 1, 62 1. ,59 1.51 1.58 
Mean** 1, 69 1. 85 1. 78 1.65 
"Dunnett 0.05: N.S. 
^Uunnett 0.05: 0.34, cv% = 40.21. 
°Mean diameter of the calluses in a dish. 
•^Dunnett 0.05: N.S. , cv% = 43.86. 
204 
Bactoagar: Significant results were found for this experiment 
(Table 5). There were significant differences for cultivars regarding 
the number and diameter of callus (Table 6). For callus number, each 
cultivar used in this study was significantly different. L-680A 
produced the most callus while Licato produced the least. L-680A also 
produced significantly greater callus diameter than either Licato or 
Ailsa Craig. No differences were observed between the callus diameter 
of Licato and Ailsa Craig (Table 7). 
In this experiment, concentrations affected the number of 
calluses but not the diameter. The highest concentration decreased 
the number of calluses compared to lower concentration. The 8 g/L 
exhibited significantly better callusing than did either 4 g/L or 10 
g/L. These results agree with the literature when 8 g/L of Bactoagar 
has been used for tomato anther culture (8, 9, 20). 
Table 5. Phytagar concentration effects for number and diameter of 
tomato anther callus 
Callus 
Source of Number Mean Diameter 
Variation df MS F= Ms F» 
Replication 11 3, .94 3 .42 3 .32 4 ,74 
Cultivar (C) 2 38. 98° 33, 89"" 8 .86 12, .66"* 
Error a 22 0, .83 0 .70 1, 01 
Agar 
Concentration (A) 3 3, .72 3, .23" 0 .51 0, 73 
A X C 6 0. 82 0, .71 1, .03 1, 47 
Error b 98^ 1. 22= 0 .70 
"F test significant at the or 1%** level. 
^df reduced from 99 to 98 due to missing values. 
"Pooled error (= 1.15) was used to obtain F because Error b > 
Error a. 
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Table 6. Tomato cultivar and Bacto agar concentration effects on 
number of anther derived callus 
Concentration" g/L 
Cultivars 4.0 6 .0 8.0 10.0 Mean* 
L-680A 3.42= 3 ,17 3.50 2.71 3.20 
Licato 1.08 1, 33 2.17 1.08 1.41 
Ailsa Craig 1.83 2. 25 2.33 1.92 ' 2.08 
Mean* 2.11 2. 25 2.67 1.90 
"Dunnett 0.05: N.S. 
•^Dunnett 0.05: 0.38, cv% = 40.88. 
=Five anthers per dish. 
*Dunnett 0.05: 0.55, cv% = 47.14. 
Table 7. Tomato cultivar and Bacto agar concentration effects on 
tomato anther callus diameter (mm) 
Concentration" g/L 
Cultivars 4 .0 6 ,0 8 .0 10.0 Mean* 
L-680A 2 .24 = 2 .25 1 .93 1.67 2.02 
Licato 0 .09 1, 51 1 .51 1.15 1.26 
Ailsa Craig 1, .14 1, 07 1 .51 1.46 1.29 
Mean* 1, 43 1. 61 1, 65 1.42 
"Dunnett 0.05: N.S. 
''Dunnett 0.05: 0.41, cv% = 54.88. 
°Mean diameter of the calluses in a dish, 
d^unnett 0.05: N.S., cv% = 54.54. 
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Gelrite: For this experiment, significant results were found 
(Table 8). There were significant differences for the number of 
calluses produced among the Gelrite concentrations. The highest 
dosage, 4 g/L, produced less callus than both the 1- and 3 g/L treat­
ments. The 3 g/L treatment produced the highest number of calluses not 
significantly different from the 2- and 4 g/L treatments (Table 9). 
Callus diameter was not affected. L-680A and Ailsa Craig showed more 
calluses than Licato. L-680A also produced calluses with 50% greater 
diameter than both Licato and Ailsa Craig (Table 10). 
There was a significant interaction between cultivars and Gelrite 
concentration for callus diameter. For L-680A there was a steady 
increase of size as concentration increased. For Licato and Ailsa 
Craig the diameter changed slightly across the concentrations. Response 
to Gelrite was different to that of Noble or Bactoagar where there was 
no interaction cultivar x concentration. 
It was noticed that the 1.0 g/L treatment, although firm at the 
beginning of the study, became watery by the end of the 8 week experi­
ment. Possibly, the conditions of incubation temperature, light, and 
the tissue growth played a role in the observed viscosity change. On 
the other hand, it was noticed during the preliminary work that con­
centrations above 5 g/L of Gelrite increased the pH dramatically. 
Additional HCl would be required to insure a pH of 5.8. The increased 
Cl~ concentration of media containing 5 g/L or more of Gelrite could 
become phytotoxic to the tissue. 
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Table 8. Gelrlte concentration effects for number and diameter (mm) 
of tomato anther callus 
Callus 
Source of Number Mean Diameter 
Variation df MS F" Ms F" 
Replication 11 1 .97 1 .46 0, ,35 1 .03 
Cultivar (C) 2 10 .63 7 .87"" 10 ,15 29 .85"" 
Error a 22 1 .21* 0. 31 = 
Gelrite 
Concentration (G) 3 1 .  04 5, 21"" 0, ,76 2, 23 
C X G 6 1 ,34 0 .99 1, .04 3. 06" 
Error b 99 1, .39* 0. 36= 
"F test significant at the or 1%** level. 
•"Error a & b pooled (=1.35) because Error b > Error a. 
"Error a & b pooled (=0.34) because Error b > Error a. 
Table 9. Tomato cultivar and Gelrite concentration effects on Number 
of anther derived callus 
Concentration" g/L 
Cultivars 1 .0 2, .0 3 ,0 4.0 Mean* 
L-680A 3, .25= 3. ,42 3. ,83 3.33 3.46 
Licato 2 .  83 2. 33 3, 00 1.92 2.52 
Ailsa Craig 3, .58 3. 00 3. 58 2.08 3.06 
Mean^ 3. 22 2. 91 3. ,47 2.44 
"Dunnett 0.05: N.S. 
^Dunnett 0.05: 0.45, cv% = 18.23. 
°Five anthers per dish. 
•^Dunnett 0.05: 0.58, cv% = 39.07. 
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Table 10. Tomato cultivar and Gelrite concentration effects on tomato 
anther callus diameter (mm) 
Concentration" g/L 
Cultivars 1 .0 2 .0 3 .0 4 .0 Mean* 
L-680A 1 .56= 2 .11 2 .36 2 .66 2.17 
Licato 1, .35 1. ,23 1, 48 1, 25 1.33 
Ailsa Craig 1 .54 1, .36 1, .43 1, 37 1.42 
Mean* 1 .48 1, 57 1, 76 1, 78 
"Dunnett 0.05: 0.58. 
'^Dunnett 0.05: 0.23, cv% = 16.95. 
"Mean diameter of the calluses In a dish. 
•^Dunnett 0.05: N.S., cv% = 37.21, 
Gelrite produced a crystal clear medium and induced callus of 
uniform size and appearance. Considering these results, it seems that 
3 g/L is a concentration at which the three cultivars present a 
favorable response. This concentration has been reported as one 
favorable for tissue culture (11). 
Phytagar: This experiment had to be repeated twice due to 
bacterial contamination. Significant results were obtained as 
presented in Table 11. There were significant differences for the 
number of calluses among Phytagar concentrations and tomato cultivars 
(Table 12). As in previous studies with Noble and Bacto agars, no 
effect of Phytoagar was found on callus diameter (Table 13). The 9 g/L 
Phytagar treatment produced significantly fewer calluses than did all 
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the other agar concentrations, although no significant differences were 
observed between the 3, 5, and 7 g/L treatments. The 5 g/L treatment 
produced the most calluses (Table 12). 
L-680A gave a higher number and larger calluses than either Licato 
or Ailsa Craig. Licato produced significantly less callus than the 
other two cultivars. What callus grew, grew very slowly. The size of 
calluses produced on Phytagar was very small when compared to other 
types of agar. It is especially noticeable in the case of Licato. The 
interaction cultivar x concentration was not significant for the number 
or diameter of calluses. The results suggest that 5 g/L of Phytagar 
yields the best results for each of the three tomato cultivars studied. 
Table 11. Phytagar concentration effects for number and diameter (mm) 
of tomato anther callus 
Callus 
Source of Number Mean Diameter 
Variation df MS F= MS F" 
Replication 12 1 .13 0 ,07 0 .32 0 ,82 
Cultivar (C) 2 60 ,01 35, 93" 7 .03 18, ,02""" 
Error a 24 1 ,67* 1, 70 0 .39 1, 56 
Agar 
Concentration (A) 3 6, ,15 6, ,27~" 0, 14 0, ,56 
C X A 6 0 ,65 0, 66 0. ,28 1, , 12 
Error b 106» 0, 98 0. ,25 
~F test significant at the or 1%** level, 
^'df reduced from 108 to 106 due to missing values. 
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Table 12. Tomato cultivar and phytoagar concentration effects on 
number of anther derived callus 
Concentration" g/L 
Cultivars 3 .0 5 .0 7 .0 9 .0 Mean^ 
L-680A 3, 54= 3, .77 3 ,31 2 ,69 3.33 
Licato 1, .06 1, .61 1, .15 0 ,92 1.19 
Ailsa Craig 2. 92 2, 72 2 ,31 1, 77 2.44 
Mean* 2. 51 2, 72 2, 26 1, 79 
"Dunnett 0.05: N.S. 
•"Dunnett 0.05: 0.51, cv% = 55.78. 
°Five anthers per dish. 
*Dunnett 0.05: 0.47, cv% = 42.33. 
Table 13. Tomato cultivar and Phytoagar concentration effects on 
tomato anther callus diameter (mm) 
Concentration" g/L 
Cultivars 3 .0 5.0 7 .0 9 .0 Mean* 
L-680A 1, , 18° 1,39 1 ,56 1 ,49 1.41 
Licato 0 ,56 0.77 0 .80 0 ,56 0.67 
Ailsa Craig 1 ,09 1.01 0 ,87 1, 02 1.00 
Mean* 0, 94 1.06 1, 08 1, 03 
"Dunnett 0.05: N.S. 
''Dunnett 0.05: 0.25, cv% = 61.04. 
*=Mean diameter of the calluses in a dish. 
"^Dunnett 0.05: N.S., cv% = 48.19. 
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Evaluation of Agar Type: Once the individual agar experiments 
were completed, the best concentrations were chosen to be compared in 
one experiment. A liquid treatment was included as an absolute 
control. In this case, 2 ml of autoclaved liquid DBMi medium were 
added per dish (Fisher 6 x 1.5 cm) to prevent the media from totally 
covering each anther. 
In this study, significant results were found (Table 14). 
Differences exist for cultivars and agar treatment effects on the 
number and diameter of tomato anther callus (Tables 15 and 16). Bacto 
agar was the poorest agar treatment for both the number and size of 
callus. Noble agar was best for callus induction while Gelrite appears 
best for callus growth. However, the lack of significant differences 
between Noble, Gelrite, and Phytagar at the concentrations listed 
might suggest that they could be used interchangeably, although cost 
may be a factor to consider. It is interesting to note that 40% of 
the anthers can be induced on liquid media. However, callus enlarge­
ment does not do well on liquid media. 
The interaction cultivar x agar type was highly significant for 
both number and diameter of callus (Tables 15 and 16). L-680A anthers 
gave a higher response for both traits when plated on Noble agar. In 
contrast, Licato produced its poorest induction and callus growth on 
this treatment. Best induction for Licato was observed in liquid 
medium. Under liquid conditions, both L-680A and Ailsa Craig tended to 
reduce the number and diameter of calluses. At this point it is 
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difficult to explain this differential response to liquid or solid 
media. However, it must be related to the ability of the cultivar's 
callus to grow under low oxygen conditions or in a semi-submerged 
state. This phenomenon has been noticed in Datura pollen embryoids 
(16). In this study, the appearance of the callus growing in liquid 
medium was different from those plated on solid medium. Callus grown 
on liquid medium appeared white-gray in color with a loose friable 
structure. Some anthers sank or migrated to the walls of the 
containers. In general, their appearance was not healthy. However, on 
liquid media, no browning of the callus was observed as is the case on 
solid media. 
These results show that both the type of agar and its 
concentration are important for callus induction and growth (10, 14). 
According to the literature reviews, Bactoagar has been widely used 
for tomato anther culture on solid medium. In our experiments, this 
type of agar produced the lowest numbers of induced callus and those 
with the smallest diameters. This indicates that it is not the most 
appropriate agar for anther culture in the tomato. This agar has many 
impurities. It contains high amounts of Na* and Cur=, which may be 
involved in the browning of cultures through its involvement in the 
copper-containing enzyme complex phenolase (4). The negative effects 
of agar have been attributed to inhibitors or a blocking of nutritional 
processes (10) including the availability of cytokinlns (4, 5). Our 
experiments indicated that only the highest concentration of agars 
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Table 14. Agar type effects for number and diameter (mm) of tomato 
anther callus 
Callus 
Source of Number Mean Diameter 
Variation df MS F" Ms F" 
Replication 11 1, 56 0, 68 0 .27 0 .33 
Cultivar (C) 2 77, 29 33, 90"" 31, 68 38 ,17 
Error a 22 2 .  ,28 2, 13 0 ,83 2 .02 
Agar type (A) 4 5, 18 4, 84-- 1, 54 3 ,76 
A X C 8 3, 86 3. ,61~~ 1, 78 4, ,34 
Error b 130 1, 07 0. ,41 
"F test significant at the 5%* or 1%** level. 
Table 15. Tomato cultivar and agar type effects on number of anther 
derived callus 
Agar Type* and Concentration g/L 
Gelrite Phytagar Bacto Noble Liquid 
Cultivars 3.0 5.0 8.0 6.0 0.00 Mean'' 
L-680A 3.17= 3,83 1.58 4.00 3.17 3.15 
Licato 1.83 1.60 1.42 1.17 2.00 1.60 
Ailsa Craig 1.17 0.85 0.67 1.17 0.75 0.91 
Mean* 2.05 2.09 1.22 2.11 1.97 
"Dunnett 0.05: 0.96. 
^'Dunnett 0.05: 0.53, cv% = 80.60. 
"Five anthers per dish. 
^Dunnett 0.05: 0.53, cv% = 54.20. 
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Table 16. Tomato cultivar and agar type effects on tomato anther 
callus diameter (mm) 
Agar Type" and Concentration g/L 
Gelrite Phytoagar Bacto Noble Liquid 
Cultivars 3.0 5.0 8.0 6.0 0.00 Mean* 
L-680A 2 ,09= 2.04 0 
CO 
2. ,57 1, 66 1, 84 
Licato 0 .95 0.78 0 
CO 
0, 59 0 ,82 0 ,80 
Ailsa Craig 0 .58 0.43 0, .29 0. ,39 0, 37 0, 29 
Mean* 1 .21 o
 
00
 
0 ,70 1, 18 0 ,95 
"Dunnett 0,05: 0.88. 
^Dunnett 0.05: 0.29, cv% = 89.88. 
=Mean diameter of the calluses in a dish. 
•^Dunnett 0.05: 0.29, cv% = 61.95. 
affected the number of calluses. On the other hand, the concentration 
within each type of agar did not affect the size of the callus, 
indicating that inhibitory factors are only Involved with callus 
induction. 
Liquid medium produces better results than does solid media in 
certain species, such as Nicotiana (10). In Datura, the use of liquid 
media did not improve the callus induction from anthers (19). 
When liquid medium was used on tomato anthers, the results did 
not improve as we expected. However, the positive effects of liquid 
medium may be counterbalanced by the negative effects of semi-submerg-
ing the anthers and calluses and perhaps by high humidity. It is also 
possible that the Interaction sucrose x agar during autoclaving may 
have a positive influence on callus induction as has been reported for 
tissues in other species (14). 
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CONCLUSIONS 
There Is an effect of agar type and concentration on the number of 
tomato anther callus Induced. Only Gelrite significantly affects 
callus diameter. It is apparent that Bactoagar is not an appropriate 
media support for tomato anther culture. Agar supports such as Noble, 
Gelrite, and Phytagar produced better results than Bactoagar. 
The highest doses of each agar exert a negative influence on the 
induction of calluses. Intermediate doses tend to induce the most 
calluses. This means that the medium must not be too hard or too soft 
for tomato anther culture. 
There is an interaction cultivar x type of agar that may be 
important especially in the case of a cultivar with low callusing 
ability. In all experiments, L-680A produced the highest number and 
size of calluses when compared to Licato and Ailsa Craig. Both Licato 
and Ailsa Craig appear to be more sensitive to the culture environment 
than L-680A. 
Liquid medium did not improve the anther callus induction 
frequency. Callus grown on liquid media did not appear as healthy 
(green) as those produced on solid media. 
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GENERAL SUMMARY 
The use of anther culture is an important tool not only for plant 
breeding purposes but for genetic studies. Anther culture success 
depends on many factors. Among them genotype, stage of anther develop­
ment, media, and incubation conditions, play a definite role. The 
tomato has proven to be a reluctant species for haploid plant produc­
tion. With the present work we wished to produce a defined protocol 
for anther callus production and for regeneration of plants. As a 
consequence we also wished to evaluate the genotypic response in terms 
of the factors involved with the induction and growth of the calluses. 
The preliminary work was oriented to screen and select a group of 
cultivars and media. From this studies two media UBMi and MS revised 
and three cultivars L-680A, Licato, and Ailsa Craig were chosen to 
continue the research. L-680A is a processing experimental line with 
high callusing ability and Licato and Ailsa Craig are cultivars for 
fresh consumption with low callusing production. 
Anthers of L-680A and Ailsa Craig were plated at tetrad stage to 
compare growth regulator combinations using the two selected media 
(DBMi, MSR). DBMi induced 75% more callus than MS* with no difference 
in diameter of callus. 2,4-D, lAA + zeatin, and NAA + kinetin produced 
different responses NAA + kinetin treatment gave more then twice the 
number of calluses ad lAA + zeatin did. Also it produced almost three 
times larger diameter than lAA + zeatin. 2,4-D produced embryogenic 
callus especially in anthers beyond tetrad stage. The control treat-
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ment without growth regulators showed very little response. These 
results indicate that growth regulators are more important than the 
media. 
When anthers plated at the beginning of first meiosis (prophase I) 
were compared using the same five media evaluated in the preliminary 
experiments DBMi again induced the most callus. With these results it 
was decided to continue using and attempting to improve this media. 
Anther development stage plays a definite role in tomato 
callusing. Reports on which stage is the most appropriate vary from 
late prophase I of meiosis to first mitosis. With this information, 
the stage of development was evaluated using anther length as index. 
It was found that the earlier the stage the more the callus produced. 
The maximum number was obtained at leptotene for each of the three 
cultivars. A quadratic model with a Rg = 0.66 was highly significant. 
The interaction cultivar x anther length was highly significant for 
both number and diameter of callus. The fitting for diameter of 
callus, although significant, was very low (R® = 0.23) Indicating a low 
prediction power. 
In another experiment, diploid cultivars and their corresponding 
tetraploid form were compared to evaluate the effect of gene dosage on 
callus induction. No differences were found for either number or 
diameter of callus. Also it was observed that the degree of callusing 
is not affected by levels of residual heterozygosity. 
Among the physical effects on callusing is the effect of tempera­
ture pretreatment on anther response to callusing was evaluated using 
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low (30*C, 11°C, and 19°C) temperatures and high 31°C and 35°C 
temperatures for different periods of exposure (days). 11°C and 35*C 
temperatures decreased both the number and diameter of callus. 3°C did 
not differ from 27°C which was the control. The effect of temperature 
was related to the duration of exposure. Thirty-one °C increased the 
diameter of callus in L-680A. When the callus were transferred to 
regeneration media no shoot production was obtained. Callus from the 
high temperature pretreatment showed a higher root formation than the 
control and that callus from low temperature treatments. 
Results show that anther pretreatment with temperature does not 
seem to be of practical value. The interval 27°C to 31°C had an 
apparent boosting effect for size and further evaluation is desirable. 
Light-dark periods during incubation of the anthers plays a role 
that has not been evaluated In the tomato. Generally, anthers are kept 
1 or 2 months in either dark or light conditions. In these experi­
ments, dark and light weekly periods were compared. There was an 
increase in number and diameter of callus as dark exposure increased 
from 0 weeks of dark to 3 weeks. The increase was of 70% approximately 
for both traits. When a full dark environment was provided during 10 
weeks after the anther plating there was a steady increase of both 
number and diameter of callus for the three cultivars. A linear model 
was highly significant with a fit of 57% for number of callus and of 
61% for diameter. The interaction cultivar x exposure (weeks) was 
significant showing L-680A reaching the desirable size and appropriate 
number of callus at least 2-3 weeks before Ailsa Craig and Licato. 
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This means that the time of transfer may differ depending on the 
cultlvar. Browning and callus decay limit the time of culture around 
8-9 weeks at least for slow growing cultivars. 
The ratio of NOa/NHi in the medium DBMi was analyzed because it 
has been recognized as having influence on callus induction and 
development in other species such as rice and soybean. When NOg-was 
increased and NHj decreased accordingly to keep the original nitrogen 
constant, the number and size of callus increased. Nitrate alone as 
KNOg can support the induction and growth of callus as much as the 
original combination (NO3/NH4 = 6.5). The ratio 26:1 produced the best 
results with increases of 26% in number of callus and of 24% in 
diameter of callus as compared with the control. Ammonium alone, as 
(NHaleSO* decreased significantly the number and diameter of callus by 
40% and 28%, respectively. There is the possibility of further 
increases in number and size by increasing the total nitrogen besides 
high NOa/NHi ratios. 
Another important component is the vitamin supplement. In this 
experiment, a group of well known vitamin formulations designed for 
anther and microspore culture were compared. Thiamine-HCl alone 
according to Linsmaier and Skoog's formulation was enough to induce as 
many callus as the control (DBMi74) which is a rich formulation in 
terms of components and concentration. Filter sterilized thiamine-HCl 
and pyridoxine-HCl gave positive results for callus number and diameter 
indicating the possibility of further increases once the correct 
combinations had been determined. In general, it can be said that 
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simple formulations are better than complex ones. This was proved by 
the NN mixture which presented poor results. 
Carbohydrates are important among other things for their 
morphogenetic influence especially in the tomato. Maltose is a sugar 
that offers some possibilities for androgenic response in species such 
as Petunia. In the tomato the use of this carbohydrate did not surpass 
sucrose at the concentrations evaluated. It seems worth it to continue 
evaluating higher doses for their effect on callus induction. 
Agars influence the outcome of the anther culture due not only to 
physical characteristics but because they can have detrimental 
compounds for anther callus development. In a series of experiments, 
four agars were compared individually for a series of concentrations. 
Generally, the highest concentrations decreased significantly the 
number and diameter of callus. Intermediate concentrations gave the 
best responses. In a final experiment, the four agars with their best 
concentrations were evaluated. There were significant interactions 
cultivar x agar type on number and diameter of callus. The worst 
response was obtained with Bactoagar which is by coincidence widely 
used in anther culture including the tomato. It caused reduction up to 
58% in the number of callus and of 59% for the diameter. Gelrite 
produced uniform response in the three cultivars for number and 
diameter of callus. Noble agar produced positive response for L-600A 
and Ailsa Craig, but not for Licato. The liquid treatment (agarless) 
was not significantly different from Noble, Phytoagar, or Gelrite. 
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For regeneration experiments, the combination of zeatin mixed 
isomers and lAA in doses of 1 mg/L and 0.25 mg/L, respectively, induced 
5% of plantlet production. These results were obtained in L-680A. 
There was no response in Licato or Ailsa Craig. Although the level of 
ploidy of the regenerated plants is unknown, they were probably derived 
from callus cells originated from the microspores. At this point, 
whether the recovered plants are haploid or dihaploid may be Irrelevant 
given the fact that for breeding purposes haploid plants need to be 
diploidized. 
Our results indicate that there are many possibilities of increas­
ing the response to callus increase and regeneration within the already 
known factors influencing anther culture. Particularly positive were 
the results with media changes. Although the genotypic response was 
rather constant in terms of number and diameter of callus. However, 
increases in both traits are possible by the use of vitamins, agar type 
and concentration, and growth regulators among others. 
Our results were obtained using different treatments on the 
anthers. No attempts to influence the callus or regeneration response 
were made by pretreating the mother plants. It is not unreasonable to 
expect further increases in callus and plantlet production by the use 
of certain pretreatments on the plants themselves. 
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